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FORTRAN IV PROGRAM FOR CALCULATION OF THERMODYNAMIC DATA
by Bonnie J. McBride and Sanford Gordon

Lewis Research Center

SUMMARY

A FORTRAN IV program is described which (1) calculates thermodynamic functions
(heat capacity, enthalpy, entropy, and free energy), (2) fits these functions to empirical
equations, and (3) calculates, as a function of temperature, heats of formation and
equilibrium constants,

The program provides several methods for calculating ideal gas properties. For
monatomic gases, three methods are given which differ in the technique used for trun-
cating the partition function. For diatomic and polyatomic molecules, five methods are
given which differ in the corrections to the rigid-rotator harmonic-oscillator approxima-
tion.

In addition the program provides for calculating thermodynamic functions for solids,
liguids, and gases from empirical heat capacity equations.

INTRODUCTION

Numerous compilations of thermodynamic data are available (refs. 1 to 12). How-
ever, there is a continuing need for additional calculations due to (1) discovery of new
species, (2) revision of existing molecular constant data and structural parameters,

(3) need for data at temperatures other than already published, (4) availability of new or
revised heats of formation, dissociation, or transition, (5) revision of fundamental
constants or atomic weights, and (6) preference for thermodynamic data in functional
rather than tabular form. Calculations may also be needed to compare the results of
assuming various possible forms of the partition function.

For these reasons, a flexible FORTRAN IV program has been prepared for the
IBM 7094 which can perform any combination of the following: (1) calculate thermo-
dynamic functions (heat capacity, enthalpy, entropy, and free energy) for any set of 1 to



200 temperatures, (2) fit the functions to empirical equations, and (3) calculate, as a
function of temperature, heats of formation and equilibrium constants from assigned
reference elements and/or from these elements in their atomic gaseous state.

The thermodynamic functions for ideal gases may be calculated from molecular
constant data using one of several partition function variations provided by the program.
For monatomic gases, (1) one of three partition function cutoff techniques may be
selected and (2) unobserved but predicted electronic energy levels may be included by
the program. For diatomic and polyatomic gases, (1) one of five partition functions
may be selected which differ in the correction factors for nonrigid rotation, anhar-
monicity, and vibration-rotation interactions and (2) excited electronic states may be
included.

For the purpose of additional processing, known thermodynamic functions for
solids, liquids, or gases may be (1) calculated from heat capacity equations or (2) read
in directly from IBM cards.

Because of the variety of options provided and the resulting variety of input data
required, an objective was to provide for a relatively simple procedure for reading
input data, This was accomplished by means of a uniform input format.

The program and the equations used are described in detail. Examples of input and
output are given for several typical species,

CALCULATION OF IDEAL GAS THERMODYNAMIC FUNCTIONS

For gaseous species, the thermodynamic functions may be calculated from spectro-
scopic constants, A general discussion of methods of calculation is given in reference 3.
Many of the equations will be repeated here for convenience. The properties are ex-
pressed as functions of the internal partition function Q; that is,
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(Symbols are defined in appendix A).
The internal partition function Q in equations (1) to (4) is given by

Q= p, Q™ (6)

th

where Qm is the internal partition function for the m electronic state and L is the

number of electronic states.

Internal Partition Functions for Monatomic Gases

For monatomic molecules, internal energy consists of electronic energy only,
Equation (6) then becomes

L
L L
-e_ /KT -, /KT
Q=) QT=) (@I +1e ™ =§,gme o (7)
m=1 m=1 m=1
where Qlél, Jm’ €m? and g, are the electronic energy partition function, total angular

momentum quantum number, electronic excitation energy, and statistical weight,
respectively, for the m'® electronic state,

Cutoff methods. - An infinite number of bound states exists below the ionization
limit for a hypothetical isolated atom (L = « in equation (7)), Inasmuch as the partition
function diverges and approaches infinity as L — «, the summation must be cut off.

A recent review of various cutoff methods is given by reference 13. These cutoff
methods may be considered to be of the following types:
(1) No dependence on temperature or pressure



(2) Dependence on temperature only

(3) Dependence on temperature and pressure (or density) and possibly degree of

ionization

In the first of the three types, the summation may include various numbers of
levels, For example, only the ground state is used in the Saha equation (see ref, 14),
The summation of equation (7) may be over a fixed and usually arbitrary number of
levels (such as for lithium in ref. 15 or for all species in ref. 11) or equation (7) may
be summed through all observed levels (as in ref. 2, for example).

The second cutoff type is temperature dependent, The ionization potential is re-
duced by a quantity referred to as the 'fionization potential lowering,'' which in this case
is a function of temperature only. The partition function is then permitted to include
only those levels below the '*lowered't ionization potential, Reference 16 suggested that
the ionization potential be lowered by an amount equal to the temperature function KkT.
This suggested method was used in reference 3. Other temperature functions are sum-
marized in reference 13.

The first two cutoff types are distinguished by the fact that they permit the partition
function and related thermodynamic properties to be calculated as functions of tempera-
ture only. For the third type, it is not possible to calculate the partition function by
specifying temperature only. One cutoff technique of this type relates the highest per -
mitted principal quantum number n to the number of particles per unit volume (number
density) such as suggested by Bethe (see discussion in ref. 13). Another technique uses
the ionization potential lowering procedure previously described, but in this case the
quantity by which the potential is lowered is a function of electron and ionized particle
number densities, Several such quantities are summarized in reference 13.

This last technique involves mixtures of species and therefore precludes, for all
practical purposes, the possibility of generating tables for individual species as a func-
tion of temperature only. This is due to the fact that the cutoff criterion needed to cal-
culate the partition function depends on mixture composition, while the calculation of
mixture composition depends on the partition function. Thus an iterative procedure is
required where the partition function at a specified temperature may be changing from
one iteration to the next. Consequently, only the first two cutoff types are considered
in this report.

Inclusion of predicted levels. - In addition to the divergence problem, there is the
problem of whether to include observed energy levels only or also to include levels for
predicted terms which, so far, have not been observed. From atomic theory, as pre-
sented in texts such as reference 17, predicted terms can be derived. Some of these
terms are given in tables 10 and 11 in reference 17 and tables 5 to 20 in references 18
to 20, An examination of the tabulated observed terms in references 18 to 20 shows
that many predicted terms are missing, especially for the higher quantum numbers.
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It has been shown that various series of levels can be represented by formulas such
as the Rydberg or the Rydberg-Ritz formulas (e.g., ref. 21). The constants in these
formulas can be determined from known levels and used to extrapolate for the uncbserved
levels. However, the number of observed levels differ from species to species and,
therefore, some judgment must be exercised in obtaining these constants, Thus, while
in principle this technique of obtaining predicted, but unobserved, levels can be pro-
gramed, in practice it amounts to essentially a special program for each species.
Therefore, this technique was not considered further for this program.

An alternate, but considerably simpler, technique for filling in unobserved levels,
which gives essentially the same results for the partition function for many species as
does the use of the Rydberg-Ritz equations, was included in the program. This alternate
technique will now be described.

By examining the statistical weights g; corresponding to predicted terms, it was
determined that for at least the first 20 chemical elements, the sum of the statistical
weights could be expressed by the following simple function of the principal quantum
number n (except for the ground state n of most species)

e =Y (23, + 1) = bn? (8)

Atfomic| Chemical| Constant in { Sum of statis-
number symbol | equation (8),| tical weights . . ;i
b for ground Equation (8) applies only to terms arising
state, from excitation of the emission electron
g and does not account for other possible

1 |Hydrogen 2 2 | terms., The table at the left lists (1) the

2 |Helum 4 1 derived constants b to be used in equa-

3 Lithium 2 8 . .

¢ |Beryltium . 13 tion (8) to obtain ), g; for any n above

5 |Boron 2 6 the ground state and (2) 25 g; values for

6 |Carbon 12 15 the ground state.

7 |Nitrogen 30 20 The usefulness of equation (8) arises

8 Oxygen 40 15 . .

9 | Fluorine 30 6 from the fact that the inclusion of an un-
10 [Neon 12 1 observed level generally makes consider -
11 |Sodium 2 18 ably more difference than a small error in
12 Magnesium 4 33 s .

' sti r o is level. There-
3 | Aminam 0 16 the e mate.d er}e gy f .r th : e
14 |silicon 12 75 fore, an option is provided in the program
15 | Phosphorus 30 170 to determine for each n the difference in
16 |Sulfur 40 215 statistical weight sums between the ob-
1 Chlori 30 . .

! orine 156 served levels which have been read in as
18 Argon 12 61 . .

19 |Potassium 9 32 input and that given by equation (8). The
20 |Calcium 4 61 program then assigns to this difference the




highest observed level for the corresponding n and includes it with the observed levels.
This method of **filling in'* predicted, but unobserved, levels by means of equa-
tion (8) was used to calculate the thermodynamic functions of the atomic species in ref-

erence 3.

internal Partition Function for Diatomic and Polyatomic Molecules

For diatomic and polyatomic molecules, Q™ in equation (6) involves vibrational and
rotational as well as electronic energy. In this report the following factored form is
used to calculate Q™:

m m~m
Q™ = QYR Q'R

e

or

anm=anré1+an$+anﬁl+anr;)l+anlél+1nQVn$+1nQI:‘:l (9)

The quantities Qrg, Qr‘?, and Qg are the electronic, harmonic-oscillator, and
classical-rotation contributions to the partition function, respectively, as given in
standard texts (see refs. 22 to 25). The remaining quantities in equation (9) are as
follows: rotational stretching Q™ (ref. 25 or 26), low-temperature rigid rotation QI;I
(refs. 25 and 27), Fermi resonance Q‘n,; (ref. 28), and both anharmonicity and vibration-
rotation interaction QT (refs. 29 to 31).

The program provides five methods of calculating the partition function which vary
in the inclusion of and formulas for the correction terms (In Q™, In Qr;l, In Q%nv, and
In ng). This provision is made so that the results of the various methods may be com-
pared.

Table I contains detailed formulas for all the In Qm terms and their derivatives
except those for In Qr(r; which are given in table II. The derivatives of In Qrél are not
given directly as are the derivatives in table I. It was found to be considerably more
convenient to express the derivatives of In Qrg by means of general formulas than to
obtain the derivatives directly. These general formulas are given in a footnote of
table II.

EMPIRICAL EQUATIONS FOR THERMODYNAMIC FUNCTIONS

Empirical equations for thermodynamic functions are often used for convenience,



These equations are usually based on the following form for heat capacity:

r

q.
co- D arTt (10)
=1

Enthalpy and entropy are related thermodynamically to Cg as follows:

o _ 0
Hy=a,,q+ [ COdr (11)

SO =a_ .+ Cg dT (12)
T~ “r+2 _T—

where 2.1 and a,.,g are integration constants,

The program uses equations (10) to (12) in two ways, either in generating the
coefficients ay from a set of thermodynamic data using the least-squares technique
given in reference 32, or conversely, in generating the thermodynamic data from the
empirical equations. The least squares method differs from the usual least squares
treatment in that it simultaneously fits heat capacity, enthalpy, and entropy.

ASSIGNED ENTHALPY VALUES

For some applications (see ref. 33) it is convenient to combine sensible enthalpy
and energies of chemical and physical changes into one numerical value. An arbitrary
base may be adopted for assigning absolute values to the enthalpy of the various sub-
stances, inasmuch as only differences in enthalpy are measurable. For example, the
arbitrary base selected in reference 3 was a value of zero at 298. 15° K (Hgg& 15 = 0)
for a selected set of elements, This selection makes the assigned value, Hggs' 15’ of
any substance equal to its heat of formation at 298. 15° K from this set of selected
elements,

ASSIGNED REFERENCE ELEMENTS

The designation of an element in a particular phase to be a reference element is
needed in order that values of heats of formation and equilibrium constants be unam-
biguously related to specific reactions. Some reference elements which are commonly



found in the literature are the following (see ref. 3): the inert gases, He, Ne, and Ar;
the diatomic gases, Hy, Ny, Oy, Fgy, and Cly; and the condensed elements, Li(c,2),
Be(c,1), B(c,1), C(graphite), Na(c,7), Al(c,t), Si(c,7), P(cIV, c I, ), and

S(c II, cI, 1) where c¢ isa crystal phase and [ is a liquid phase. Assigned reference
elements used for the examples in this report were taken from this set.

HEATS OF FORMATION AND EQUILIBRIUM CONSTANTS

In the program described in this report, heats of formation and log K for a species
are calculated as a function of temperature for two reactions. These reactions are for
the formation of the species from the elements in either their assigned reference state
discussed previously or in their atomic gaseous state.

The following are examples of how these properties are calculated for CO(g) at
1000° K:

Relative to reference elements,

AHJ000 = (H000)co(e) ~ H1000)C(graphite) - % (H(i)ooo)oz(g) (13)
AF7000 = (F1000'co(e) ~ F1000C(graphite) - ‘; (F c1)000)02(g) (14)

or relative to gaseous atoms,
aH{000 = Higo0)cote) - H1000'c(e) ~ H10000(9) (15)
AF3000 = (Floo0)co(e) - Flooo'c(e) = F1o0000() (16)

By definition,
-AFq

log,gK = (17)

2.3025851 RT

COMPUTER PROGRAM

The computer program was written for an IBM 7094 with 32 thousand core storage



and IBM 1403 printers with 132 print positions. FORTRAN tape 3 is used as a binary
scratch tape. Input and output tapes are FORTRAN tapes 5 and 6, respectively.

The program consists of a main routine and 17 subroutines written in FORTRAN IV
and, in addition, five Lewis Research Center subroutines written in 7094 MAP assembly
language. A listing of the FORTRAN program is given in appendix B and a discussion
of the routines is given later.

A listing and brief discussion of the five Lewis subroutines (named SKFILE,
BCDUMP, BCREAD, IALS, and IARS) are given in appendix C., These MAP routines
require version 13 IBSYS operating system.

Availability to Other Organizations

The source program decks will be made available on written request to the authors.
The input data used for the examples in this report will be included for check out pur-
poses. In addition, for use in calculating log K, the enthalpy and free energy data for at
least the first 18 elements in their atomic gas as well as their assigned reference state
will be included. These data are essentially those of reference 2.

The following sections give a general discussion of the program. Included in this
discussion are options, input, output, general flow of the program, and subroutines.

Options

The program provides a choice of several methods for calculating the thermodynamic
functions cg, Hy - Hg, Hp - Hooe 45, S7, -(Fq. - HY), and ~(F. - Hyge ;o). For ideal
gases, these functions may be obtained from one of several assumed forms of the parti-
tion function or else from empirical equations. For solids and liquids, the thermo-
dynamic functions may be calculated only from empirical equations. In addition, thermo-
dynamic functions for any phase of a species may be read directly from cards for addi-
tional processing.

The program also has two other capabilities which are optional: (1) least-squares
fitting of the thermodynamic functions to empirical equations (eqs. (10) to (12)) and
(2) calculating heats of formation and log K values for the same temperature range as
the functions,

The following is a discussion of these optional features.

Partition functions - monatomic gases. - The partition function for monatomic

gases is given by equation (7). The program permits three optional ways of terminating
the number of energy levels L to be included in calculating this partition function.



These three options, indicated by their program code names given in capital letters, are:
(1) ALLN - inclusion of all electronic levels in the input data, (2) FIXEDN - inclusion of
all levels through a specified principal quantum number n, and (3) TEMPER - inclusion
of all energy levels that are less than or equal to the ionization potential lowered by an
amount kT (see section Cutoff methods).

With any of these three cutoff options, an additional option (FILL) is provided to
include predicted but unobserved levels automatically (see discussion in the section
Inclusion of predicted levels).

Partition functions - diatomic and polyatomic gases. ~ For diatomic and polyatomic
gases, the program provides for a selection of five methods of calculating the partition
function which varies in the inclusion of and formulas for the correction terms (In Q ,

In Qa, In Qy, and In Q) in equation (9). The formulas for the In Q terms included
in each of the five methods are given in tables I and II. I certain spectroscopic con-
stants are not available as input, the program automatically excludes those InQ terms
involving them. The methods (with their program code names in parentheses) are as

follows:
(1) Rigid-Rotator Harmonic-Oscillator (RRHO) approximation - This method ex-

cludes all the correction terms in equation (9) (i.e., In Qp, In Qg, InQy, and In Q).

(2) Modified Pennington and Kobe (PANDK) method - The formulas given in table II
for In Qc are similar to those given in reference 29. The method in this report is
equivalent to the one described in reference 3 except for the formula for In Q6 (for-
ula 6 in table I). All correction terms in equation (9) are included with the exception of
the Fermi resonance In QW as indicated in table I.

(3) Joint Army Navy Air Force (JANAF) method - This method is described and
used in reference 2, For diatomic molecules, it is the same as the PANDK method
except for the definitions of ay and X11 which are used in formulas 9 and 12, respec-
tively, in table II. For polyatomic molecules, the JANAF method is the same as the
RRHO method.

(4) Nonrigid-Rotator Anharmonic-Oscillator 1 (NRRAOl) - In addition to the 1nQ,
and InQ_ terms, all the In Q terms given in references 30 and 31 were included
which do not contain a (02 /T)2 or (cq /T)3 factor.

(5) Nonrigid-Rotator Anharmonic-Oscillator 2 (NRRAQ2) - This method includes
the same In Q terms as NRRAOl with the addition of In Q terms from references 30
and 31 which contam (cy /T) factors.

Thermodynamic functions from empirical equations. - The routine for calculating
thermodynamic functions from the empirical equations (egs. (10), (11), and (12)) has the
following features:

(1) The value of r (number of coefficients a;) may be any number from 1 to 10.

(2) The temperature exponents q; may be any positive or negative numbers or zero.
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(3) Any number of sets of ay and q; may be read in for various temperature in-
tervals for a particular species.

(4) The integration constants, .1 and a,.,o may be read in or calculated by the
program from the enthalpy and entropy values, respectively, for a specific temperature.

(5) When a phase transition occurs, the integration constants, a1 and a..9 for
the second phase may be read in or calculated by the program from either the enthalpy
or entropy of transition.

(6) There is an option to punch on binary cards up to five coefficients and two inte-
gration constants for each temperature interval. This option has been included in order
to provide thermodynamic data in the form required by reference 33.

Least-squares fit. - The least-squares routine fits the thermodynamic functions to
equations (10), (11), and (12). The routine has the following features:

(1) The value of r (number of coefficients ai) may be any number from 1 to 10.

(2) The temperature exponents q; may be any positive or negative numbers or zero.

(3) An option is provided to permit the data to be divided into any number of speci-
fied intervals from 1 to 9. The purpose in providing for several intervals is to increase
the accuracy of the fit.

(4) The equations for each temperature interval are constrained at an endpoint to
fit either the original data or the values obtained from fitting an adjacent interval. The
purpose of these constraints is to give equal values of the functions at the common point
and thus avoid discontinuities between consecutive intervals. However, only one tem-
perature may be specified in the input for which the fitted equations reproduce the
original values. (If no temperature is specified, the program assigned 1000° K.)

(5) For two or more phases, the data for each phase is fitted separately and the
equations constrained to fit the original data at the transition point.

(6) For each temperature interval, up to five of the coefficients a; plus the two
integration constants will be punched on binary cards. These cards are made in order
to provide thermodynamic data in the form required by reference 33.

Heat of formation and log K values. - The program provides an option for calcu-

lating heats of formation and log K values as a function of temperature for two reactions.
The reactants for these two formation reactions are either monatomic gases or assigned
reference elements (see sections Assigned Reference Elements and Heats of Formation
and Equilibrium Constants).

Heats of formation and log K values for a particular species can be calculated if
the necessary enthalpy and free energy data for the reactants as well as for that species
are available, Therefore the monatomic gases and assigned reference elements are
processed first, For these reactants, there is an option to reserve the enthalpy and
free energy data in two ways: (1) by writing the data on tape and (2) by punching the data
on cards, The data on tape are saved only for use with other species being processed

11



during the same computer run. For later computer runs, the data on the binary cards
may be read in as part of the input and, if so, are automatically put on tape.

If there is a temperature in the data for a particular species which is not contained
in the data on tape for the required reactants, the reactant data are interpolated using
three-point Lagrangian interpolation.

Input

Types of data. - The input data are grouped into two categories; namely, general
and specific. General data are read into storage and retained for use with any number
of species to be processed in any particular computer run. Physical constants, atomic
weights, and reactant enthalpy and free energy values fall into this category of input
data. (See previous section.)

On the other hand, a set of specific data cards is required for each species to be
processed. The data in each set are read, processed, and cleared before the next set
is read. A set of specific data cards for a diatomic gas would contain the chemical for-
mula; the method of calculation, such as PANDK; molecular data such as w,, wX,
B e and «a . desired options such as a least-squares fit or a special temperature
schedule; and finally, a card to indicate the end of the set of specific data,

Identification of cards. - All input cards will be referred to in one of the following

three ways:
(1) Most cards will be identified by the code word punched in card columns 1 to 6.

For example, the input card containing physical constants has the code CONSTS in these
columns. Thus, this card will be referred to as the CONSTS card.

(2) The first card of a set of specific data cards has the chemical formula punched
in card columns 1 to 12. This card will be referred to as a formula card. The word
*formula’! does not appear on the card.

(3) Column binary cards containing enthalpy and free energy data for the reactants
will be referred to as binary EF data cards. The word '"EF data't does not appear on
the card.

Uniform format. - All cards of types (1) and (2) are read with a single format which
will be referred to as the uniform format. Format details are given in appendix D.

Contents of individual cards. - A brief description of the contents of the individual
cards is given in table III. (Detailed descriptions are given in appendix D.) The right-
hand column indicates which cards are optional. Table II indicates that the card code
in card columns 1 to 6 is a mnemonic device which does one or more of the following:

(1) Indicates what data are on the card (i.e., CONSTS, ATOM, EFDATA, TEMP,

LSTSQS and DATA)
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(2) Indicates an option discussed in the section Options (i.e., LOGK, LSTSQS,
EFTAPE, and METHOD)

(3) Identifies the data on the binary cards which follow it (i.e., EFDATA)

(4) Calls for some intermediate output (i.e., LISTEF and INTERM)

(5) Identifies the input data sources (i.e., REFNCE) or gives a date (i.e., DATE)

(6) Indicates the end of a set of specific data (i.e., FINISH)

General Flow of Program

The general flow of the program is given in figure 1. For convenience in locating
various sections of the FORTRAN program, 79 location numbers, referred to as C10,
C20, . . ., C790, were included as comments in the program. Some of these location
numbers are also shown in figure 1. Subroutine names are given in parentheses,

From figure 1, the following are evident;

(1) Each card (except for the binary EF data cards) is read and listed. The flow
is directed according to the code in card columns 1 to 6.

(2) The general data storage is cleared only at the beginning of each computer run.
Thus, these data are retained as they are read in.

(3) The order of the general data is immaterial except for the fact that the EFDATA
and binary EF data cards must remain in sets for each reactant.

(4) The specific data (including options) are cleared at the beginning of the program
and after each FINISH card.

(5) There may be any number of sets of specific data - each having any combination
of options.

(6) The order of the optional cards (EFTAPE, LOGK, LSTSQS, INTERM, DATE,
and REFNCE) in the specific data is immaterial.

(7) The temperature schedule (TEMP cards), if not the standard 100 (100) 6000° K,
must be read before the METHOD card.

(8) The DATA cards must follow the METHOD cards.

(9) Any card which is not recognized by the code in card columns 1 to 6 is assumed
to be a formula card.

(10) From the chemical formula, the following items are determined by the program:
(a) the molecular weight
(b) the phase of the species
(c) the number of atoms (i. e., whether species is monatomic, diatomic, or
polyatomic)
(11) The Hg value may be calculated from an assigned value at any temperature or
a heat of reaction (see formula card in appendix D). (The Hg value is used in calcu-
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lating AH% and log K and the integration constants a, ; (eq. (11)).
(12) Thermodynamic functions are calculated immediately after the DATA cards are

read.
o

(13) After the FINISH card is read, Hy is calculated, the least-squares fit option is

checked, tables of thermodynamic functions are listed, and the AH% and log K option

is checked.

(14) General data may be modified or added following any FINISH card. If a second
CONSTS card, ATOM card for a particular atom, or a second set of EFDATA and binary
EF data cards for a particular reactant is read, the data on these cards will be used for
succeeding calculations.

(15) With an EFTAPE option card in a set of specific data, EFDATA and binary
EF data cards are punched and the data are put on tape. The data on tape will be avail-
able for use with any succeeding calculations in the same computer run.

(16) Any number of sets of METHOD and corresponding DATA cards may be read for
a set of specific data. This is useful for species with more than one phase in the tem-
perature range of interest. For example, the thermodynamic functions for the solid
may be read in directly while the liquid data may be obtained from empirical equa-
tions. The data for both phases will appear in the same listed tables of the thermo-
dynamic properties,

A feature of the program which is not indicated in the flow diagram is that contribu-
tions of excited electronic states may be included in the calculation of the thermodynamic
functions for diatomic and polyatomic gases. There may be any number of states, each
having its own set of molecular constants. This is accomplished by grouping the DATA
cards for each state together with a code number in card columns 79 and 80. The values
of Q™ T dQ™/dT, and T2 d2Q™/dT? are calculated after the DATA cards for each
state are read, These values are summed as they are calculated.

Output
A brief description of punched card and listed output is given in this section; a de-

tailed description is given in appendix E.
Punched card output. - Cards are punched with certain options as indicated by the

following:
(1) With an EFTAPE specific data card, an EFDATA card and binary EF data cards

are punched.
(2) With a LSTSQS card, column binary cards are punched which contain the chemi-

cal formula of the species, the temperature intervals, and the least-square coefficients
(eqs. (10) to (12)).
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(3) With DATA cards which contain coefficients (eqs. (10) to (12)) as well as a
TPUNCH code, the coefficients will be punched in the same format as item (2). (The
TPUNCH code is described in appendix D and its uses illustrated in example 5, appen-
dix F.)

Listed output. - The following data are always listed:

(1) The contents of all input cards in the uniform format

(2) Table of T, Cg/R, (HY - HY)/RT, (H} - Hygg 15)/RT, S7./R, ~(F7 - HQ)/RT,

o 0 0 (o)
—(F -H298 15)/RT HT/RT, and -FT/RT

(3) Table of T, C° HO

(o] O (¢
H - HQ, Hp -Hygg 15 Sq, ~(Fp -Hp), ~(Fip - Hygg 15),

v o
T
The following data are listed only with the indicated options:
(1) With a LISTEF card, the contents of the binary EF data cards are listed.
(2) With an INTERM card included in the specific data of a particular species,
intermediate data are listed as detailed in appendix E.

(3) With a LSTSQS card, the following data are listed for each temperature interval
fitted:

HT, and -F2

(a) The thermodynamic functions (both the original and those obtained from the
least -squares fit

(b) The errors between the original and the fitted data

(¢) The least-squares equation for heat capacity and the integration constants
(egs. (10) to (12))

(d) The contents of the punched binary cards (see item (2) in the section
Punched card output)

(4) With a LOGK card, two tables are listed:
(a) Table of T, Cg/R, (H} - HJ)/RT, Sq./R, -(Fq. - HQ)/RT, Hy./RT, -Fq./RT,

and AHOT /RT and —AFT /RT for formation of the species from both
assigned reference elements a.nd monatomic gases

(b) Table of T, c , HY. - H], ST, -Fo, and AH7, and log, K for the same
reactions as the previous table

T’

Examples

Sample problems with punched card input and listed output are given in appendix F.
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Main Routine and Subroutines

The FORTRAN listing in appendix B has a number of comments to indicate the oper -
ations of various sections of the program as well as location numbers C10, C20, . . . ,
C790. A short description of each subroutine follows.

PAC1(C10 to C60). - This is the main routine and directs the general flow of the
program as given in figure 1 and discussed in the section General Flow of the Program.
Subroutines called by PAC1 are indicated in figure 1 in parenthesis in or near the ap-
propriate boxes,

INPUT(C70). - This routine reads and lists all cards that have been punched in the
uniform format, The output format for listing numerical values is varied according to
the size of the numbers.

PAGEID(C80). - This routine lists the chemical formula at the bottom of a page in
the output listing and skips to a new page. The program allows approximately 55 lines
to be printed on a page.

EFTAPE(C90 to C130). - This routine (1) reads binary EF data cards, (2) punches
new sets of EFDATA and binary EF data cards, and (3) stores these data on tape.

IDENT(C140 to C160). - This routine analyzes the chemical formula on either the
formula card or the EFDATA card. It separates and stores each chemical symbol and
corresponding number of atoms in the chemical formula. The chemical symbols are
matched in the SYMBOL array and corresponding indexes are stored.

When analyzing a chemical formula from a formula card, the molecular weight is
calculated.

TEMPER(C170 to C180). - This routine stores the temperature schedule as given
on one or more TEMP cards. It is called from PAC1 after a TEMP card has been read.

RECO(C190 to C250). - This routine processes the METHOD and DATA cards for
methods READIN and COEF., The routine is called from PAC1 after a METHOD card
has been read with either a COEF or READIN code. The RECO routine calls INPUT to
read the DATA cards plus the next card.

For READIN, the thermodynamic functions on each card are simply stored. For
COEF, the thermodynamic functions are calculated and stored.

The RECO routine is also used to relate the enthalpy of two phases of the same
species by means of an enthalpy or entropy of transition., One of these transition values
is given on the METHOD card of the second phase (DELTAH or DELTAS code described
in appendix D) and used to calculate the enthalpy of the second phase at the transition
temperature. The free energy value of the second phase is taken to be equal to the
free energy value of the first phase at the transition temperature.

If a transition is present, the routine calls DELH (discussed in the section DELH
(C510 to C530)) to check for the options of least-squares fit or punching coefficients for
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" the first phase.

ATOM(C260 to C310). - This routine calculates thermodynamic functions for
monatomic gases,

The routine calls INPUT to read all DATA plus the next card., The J values,
which are read with an alphanumeric format, are changed to floating point numbers and
stored.

Energy levels are sorted in order of increasing energy values. The number of
levels included in the calculations is determined by the cutoff method (ALLN, FIXEDN,
or TEMPER) given on the METHOD card. Predicted but unobserved levels will be in-
cluded with the FILL option,

POLY(C320 to C410). - This routine calculates thermodynamic functions for
diatomic and polyatomic gases.

Subroutine INPUT is called to read the DATA cards plus the next card. Subroutine
LINK1 is called to calculate the partition function according to the method specified
(RRHO, PANDK, JANAF, NRRAOI1, or NRRAO2).

If more than one electronic state is present, the various states are identified by a

code in card columns 79 to 80. In this case, DATA cards for only one state at a time
are read in and stored. The partition function for each state is calculated prior to
processing DATA cards for the next state.

LINK1(C420 to C480). - This routine calculates the partition function for diatomic
and polyatomic molecules. The formulas given in tables I and II are evaluated according
to the method specified.

The routine is called from subroutine POLY. LINK1 in turn calls two subroutines,
DERIV to calculate the derivatives of the partition function and QSUM to keep a running
total of the various contributions to the partition function.

KD(C480). - This function subprogram calculates Kronecker delta.

DERIV(C490). - This routine calculates the derivatives of the partition function
using the method given in the footnote of table II. The routine is called from a number
of places in LINK1,

QSUM(C500). - This routine keeps a running total of all, except translational, con-
tributions to the partition function and its derivative for each electronic state. These
contributions are listed if an INTERM card has been included in the input,

QSUM is called from a number of places in LINK1.

DELH(C510 to C530). - This routine calculates the Hg value, calls LEAST for the
least-squares fit option, and calls PUNCH for the option of punching coefficients read
with the COEF method. The information glven on the formula card (AH of formation,
D HT’ T) is used in calculating the HO value.

The routine is called from PACI1 after the FINISH card has been read. However, it
will also be called from RECO for phase transition points. In this latter case, any
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processing (the Hg calculation, the least-squares fit, or the punching of coefficients)
will be for the species phase coming ahead of the transition point in the input. For ex-
ample, for a species with input data for the solid followed by the liquid, DELH will
process the solid when it has been called from RECO. The liquid will be processed
when DELH is called from PACI1,

TABLES(C540 to C570). - This routine lists tables of thermodynamic functions as
discussed in appendix E. The output format varies depending on the availability of the

following values: (1) the Hggs 15 - Hg value which is required in obtaining

Hy. - Hgg& 15 and ~(Fq. - Hogg 15)» and (2) the H8 value which is required in ob-
taining H% and —F%.

LOGK(C580 to C650). - This routine is called only if a LOGK option card has been
included in the input. It calculates AHy/RT, AHj, -AFg./RT, and log K for the forma-
tion of the species from the assigned reference elements and the monatomic gases. The
required enthalpy and free-energy data for these reactants have been stored on tape by
the EFTAPE subroutine,

The LOGK routine lists two tables of properties as detailed in appendix E. ¥ any
reactant species for either of the formation reactions is not on tape, the appropriate
columns in these tables are left blank,

LEAST(C660 to C760). - This routine is called from DELH only if one or more
LSTSQS cards have been included in the input. It calculates the least-squares coeffi-
cients, lists certain information detailed in appendix E, and calls PUNCH to punch the

coefficients on cards.

PUNCH(C770 to C790). - This routine punches binary cards containing the coeffi-
cients obtained either from a least-squares fit or from the DATA cards associated with
method COEF. For these two options, PUNCH is called from subroutines LEAST and

DELH, respectively.
The contents of each card are listed in the order they are punched. See output de-

tails in appendix E,

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, February 14, 1967,

129-01-02-01-22
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APPENDIX A

SYMBOLS

rotational constants corresponding to equilibrium separation of atoms
rotational constants for lowest vibrational state

polynomial coefficients used in egs. (10) to (12)

integration constant defined by eq. (11)

integration constant defined by eq. (12)

constant defined in eq. (8)

heat capacity at constant pressure for standard state

velocity of light or crystal phase of chemical substance

second radiation constant, hc/k

spectroscopic constants for rotational stretching

rotational stretching constants for lowest vibrational state
dissociation energy at temperature T for standard state

degeneracy associated with Yy

(F7 - HQ) + HY

sensible free energy at temperature T relative to 0° K for standard state

sensible free energy at temperature T relative to 298. 15° K for standard
state

electronic statistical weight

anharmonicity constant for doubly degenerate vibrations in linear mole-
cules

chemical energy at 0° K for standard state
o] o) o]
(HT - HO) +Hy
sensible enthalpy at temperature T relative to 0° K for standard state

sensible enthalpy at temperature T relative to 298, 15° K for standard
state

Planck®s constant
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I

I 1gs Ic

Jisdm

20

principal moments of inertia

total angular momentum quantum number
equilibrium constant

Boltzmann constant

total number of electronic energy states
liquid phase of chemical substance
molecular weight

Avogadro's constant

number of unique frequencies or principal quantum number
partial pressure

internal partition function

th

internal partition function for m™ electronic state

correction factor to the partition function for anharmonicity and vibration-
th electronic state
th

rotation interaction for m

electronic state
th

electronic partition function for m

electronic state
th

classical-rotation partition function for m

electronic state
th

harmonic-oscillator partition function for m

Fermi resonance correction factor to partition function for m™ electronic

state

low temperature rotational correction factor to partition function for mth

electronic state

th

rotational-stretching correction factor to partition function for m™ elec-

tronic state
temperature exponents in eq. (10)
universal gas constant
number of coefficients a; in eq. (10)
constant defined by eq. (5)
entropy for standard state
temperature, °k

electronic excitation energy between lowest vibrational states (v = 0) of
ground and excited state for diatomic and polyatomic gases
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®er ¥
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Covy /T
vibrational quantum number
Fermi resonance constant

anharmonicity constants for polyatomic molecules

vibration-rotation interaction constants for diatomic and linear
polyatomic molecules

vibration-rotation interaction constants for polyatomic molecules
rotational-stretching - vibration interaction constant

th olectronic state

energy of m
observed fundamental frequency

rotational-stretching spectroscopic constant

symmetry number

zero-order vibrational frequency for diatomic modlecule

anharmonicity constants for diatomic molecules
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APPENDIX B
FORTRAN LISTING (FORTRAN ROUTINES)

[ MAIN PROGRAM - PAC1 PAC10001
[+ TEST{1) LIST EF DATA PAC10002
C TEST(3) SPECIES IS AN ION. PAC10003
c TESTE(&) SPECIES IS A GAS. PAC10004
[ TEST(S) SPECIES IS A LIOUID, PAC10005
c TEST{6) SPECIES IS A SOLID. . PAC10006
c TEST(T) SUBROUTINE HFTAPE IS CALLING SUBROUTINE IDENT. PAC10007
c TEST{B8) AN ASSIGNED H IS AVAILABLE PAC10008
4 TEST(9) CP/R,H-HO/RT, AND S/R ARE READY T} BE OUTPUTTED PAC10009
[ TEST(10) SPECIES TO BE REACTANT. PUNCH EF DATA AND WRITE ON TAPE. PAC10010
Cc TEST(12) LOG K CALLED FOR PAC10011
c TEST(13) DATA ARE IN THE FORM, H-H298 AND -(F-H298) PAC10012
c TEST(14) INTERMEDIATE OUTPUT CALLED FOR PACL0013
C TEST(15) LEAST SQUARES CALLED FOR PAC10014
[ TEST(16) ERROR IN INPUT. GO TO NEXT SPECIES PAC10015
[ TEST{17) PUNCH READ-IN COEFFICIENTS PAC10016
C TEST{18) ENTHALPY IS ABSOLUTE PAC10017
c TEST(19) SPECH IS SET PAC10018
o TEST{20) TEMPERATURE SCHEDULE HAS BEEN STORED PACL10019
C PAC1002D
COMMON NAME(2), SYMBOL{TO) s ATMWT{70) »R+HCKoNEL +ICARD, IWORD(5)y PAC10021

1 WORD(4) s TEST{ 201y WETGHT ,FORMLA(S) 4MLA(5)+BLANK,ELEMNT(70), PACL10022

2 NATOM,NT,CPR(202} +HHRT (202) ASINDHsT{202)} ¢ ASINDT+FHRT (202}, PACL0023

3 SCONST,NOATMS MPLACE{(70),LPLACE{T70) NMLA(T0) ,NDFILE, PAC10024

4 SPECH, TAPE( 606} s PTMELT.EXP(10)  TRANGE(10) » TCONST  NKIND, PAC10025

5 NFsLINESsITRoNTMP,AG(T0)+6GG(70},NIT,PI,H298HR . IHEAT,JF(5) PAC10026

c PACLO027
c10 PAC10028
4 PAC10029
COMMON/PCH/LEVEL s NF1oNF29ANS(9515) 4 TCE10) s NTC o NFP o LDATE + NNN, NLAST PAC10030
INTEGER FORMLA, SYMBL, SYMBOL, ELEMNT PAC10031
LOGICAL TEST PAC10032
EQUIVALENCE (X,IX) PAC10033

c PAC10034
C INITIALIZE ONCE. PAC10035
WRITE(643) PAC10036

3 FORMAT(1H1) PAC10037
TEST(1) = .FALSE. PAC10038

R=0 PAC10039

HCK = O PAC10040

NEL = O PAC10041
REWIND 3 PAC10042

END FILE 3 PAC10043

NATOM = O PACL0044
NOFILE = O PAC10045

00 32 1 = 1,106 PAC10046
MPLACE(I) = O PAC10047
LPLACE(I) = O PAC10048

32 NMLA(IY =0 PAC10049

[+ PAC10050
C INITIALIZATION FOR EACH SPECIES, FOLLOWS FINISH CARD . PAC10051
103 0o 101 I=1.10 PAC10052
EXP(I) = 0.0 PAC10053

101 TRANGE(TI) = 0.0 PAC10054
TCONST = 0.0 PAC10055

00 109 I = 3,20 PAC10056

109 TEST{I) = .FALSE. PAC10057
LDATE = O PAC10058
NAME(1) = IBLNK PAC10059
NAME{2) = [BLNK PAC10060

THEAT = IBULNK PAC1006]
TINTVL = 0.0 PAC10062

NY =0 PAC10063

NIT = 1 PAC10064

NTMP = 1 PAC10065

NNN = 1 PAC10066
ASINDT = 0.0 PAC10067
ASINDH = 0.0 PAC10068

SPECH = 0.0 PAC10069
H298HR = 0 PAC10070

LEVEL = 1 PAC10071

NTC= 0 PAC10072

NPR = O PAC10073

IEx = 0 PAC10074

ITR = 0 PAC10075

NF = 0 PAC10076

NFl = 1 PAC10077

DD 102 I=1,202 PAC10078



102 T{1)=0.0
Pl = 0.
PTMELT = 0.0

PAC10079
PAC10080
PAC10081

DATA ITEMP/AHTEMP/, METHOD /6HMETHOD 7+ IHFTAP/6HHFTAPE/ yLSTSQS/6HLSTSPAC10082
1087+ ILGK/4HLOGK /+ IREF/6HREFNCE/ o IFINSH/6HFINTISH/ o INTERM/6HINTERM/ PAC10083
DATA IATOM/&HATOM/ . ICONST/GHCONSTS/+ISCONS/6HSCONST/ « IR/1HR/ o
DATA IBLNK /1H 7/ IDATE/4HDATE/+NOLEAS/6HNOLEAS/ yIHCK/3HHCK/y
LIHFDAT/6HHFDATA/+ IEFDAT/6HEFDATA/ 4 1EFTAP/6HEFTAPE/ 4LIST/6HLISTEF/

c
c20

C CALL INPUT TO READ AND WRITE CONTENTS OF ONE INPUT CARD

c

104 CALL INPUT (LINES)

194 IF{ICARD.EQ.IFINSHIGOD Y0 111
IF(1CARD,.EQ.LIST) GO TO 2
IF( ICARD.EQ.INTERM) GO TO 209
IFUICARD.EQ.IDATE) GO TO 205
IFCICARDLEQ.ITEMP) GO TO 105
IF(ICARD.EQ.METHOD) GO TO 107

IFCICARD.EQ.IHFTAP .OR, ICARD.EQ.IEFTAP) GO TO 110

IF{ ICARD.EQ. ILGK} G0 1o 319
IF{ICARD.EQ.IREF} GO TO 104
IF (ICARD.EQ.NOLEAS) GO TO 106
IF(ICARD.EQ.LSTSAS) GO TO 180
IF {ICARD.EQ.IATOM) GO TD 13
IF (ICARD.EQ.ICONST) GD TO S

IF (ICARD.EQ.IHFDAT ,OR. ICARD.EQ.IEFDAT) GO TO 147

OO0

CALL [IDENT TO ANALYZE FORMULA
CALL IDENT
IF (TEST(16)) GO YO 152

IF CC 1-6 CONTAIN NO RECOGNIZABLE CODE, ASSUME CARD CONTAINS FORMULA

DATA IDELH/6HDELTAH/,IDIS/6HDI SSOC /o IASH/6HAS INDH/ ¢ IHT/1HT/
DATA INVCM/SHINVCM/ +KCAL 74HKCAL/ 2 TEV/2HEV/ » JOULES/6HJOULES/
DATA JCAL/3HCAL/,IP/2HIP/ 4IPATOM/6HIPATOM/ o IHF298/5HHF298/

[
C STORE HEAT OF REACTION AND ASSIGNED T FROM FORMULA CARD

DD 121 I = 2,4

IF (IWORD{I).EQ.IDELH .OR. IWORD{I).EQ.IDIS) GO TD 122

IF (IWORD{(I).EQ.IASH) G0 TO 122

IF (IWORD(I)}.EQ.IHT) ASINDT = WORD(I)

IF (INORD(1)}.EQ.IHF298) GO TO 125
IF (IWORD(I}.EQ.IP) PI = WORD(I)
IF (IWORD{1)}.NE.IPATOM) GO TO 121
IHEAT = IDIS
ASINDH = —WORD(I}
60 To 121

125 IHEAT = IASH
ASINDT = 298.15
60 TO 126

122 THEAT = IWORD(I)

126 ASINDH = WORD(I)

121 CONTINUE

IF (IHEAT.NE.IBLNK.AND.ASINDT.EQ.0.) TEST(19)=,TRUE.

IF (IHEAT.EQ.IASH.AND.ASINDT.EQ.O.

c

) TEST(8) = .TRUE.

C CONVERT HEAT OF REACTION TO PROPER UNITS IF NECESSARY.

CONV = 1.
D0 123 1 = 2,4

IFCINORD{I).EQ.INVCM ) CONV = 2,85927
IF(IWORD(I).EQ.KCAL) CONV = 1000.
IFCINORDCI) LEQLIEV) CONV = 23063,

IF(R.GT «8.0.AND.{ INORD(I).EQ.TCAL.OR.CONV.NE.1.}} CONV=CONV*4.184

IFCIWORDETI)LEQLJOULES «AND. Ro1LTo2.3 CONV = 1./4.184

123 CONTINUE
ASINDH = ASINDH*CONV
GO. TO 104
c
c30
C STORE GENERAL DATA
c
2 TEST(1) = ,TRUE.
60 TO 104
DATA LTRON/G6HOOOOO0E/,
13 X = AND (MASK.,IWORD(1)}
IF (IX.EQ.INORD(1}1GO TO 20

SYMBL = IARS{24,IWDRD{1))
GD TD 21

MASK/O0TT760T77777777/7

PAC10084
PACL10085
PACL0085
PAC10087
PAC10088
PAC10089
PAC10090
PAC10091
PAC10092
PAC10093
PAC10094
PAC10095
PAC10096
PACLOG9T
PAC10098
PAC10099
PAC10100
PAC10101
PACl0102
PAC10103
PAC10104
PAC10105
PAC10106
PAC10107
PAC10108
PAC10109
PACIOL10
PAC10111
PAClO112
PAC10113
PAC10114
PAC10115
PACLO116
PAC10117
PAC10118
PAC101L9
PAC10120
PAC10121
PAC10122
PAC10123
PACLO124
PAC1012S5
PAC10126
PAC10127
PACL0128
PAC10129
PAC10130
PAC10131
PAC10132
PAC10133
PACL0134
PAC10135
PAC10136
PAC10137
PACl0138
PAC10139
PAC10140
PAC10141
PAC10142
PAC10143
PAC10144
PAC10145
PAC10146
PACLO14T
PACI0148
PAC10149
PACLO150
PAC10151
PAC10152
PAC10153
PACL0154
PAC10155
PAC10156
PACLO157

52

95

173

23



20
21
30
33

35

14

147

SYMBL = IARS{30,IWORD(1)}

1F (NATOM.EQ.0) GO TO 33

03 30 IND = 1,NATOM

IF (SYMBL.EQ.SYMBOL(IND)) GO TO 35
CONTINUE

NATOM = NATOM + 1

IND = NATOM

SYMBOL ( IND) = SYMBL

ATMWT{ IND) = WORD{1)

ELEMNT(IND) = IWORD(2)

IF (SYMBL.EQ.LTRON) NEL = IND
AGUIND) = WORD(2)

GG{ IND) = WORD(3})

GO TO 104

00 14 I=1,4

IFCIWORD( 1} .EQ. IR} R=WORDI(Y)
IF{IWORD(T).€0.IHCK) HCK=WORD{I)
IF(IWORD(T).FO.ISCONS) SCONST = WORDI(I)
CONT INUE

GO TO 104

CALL EFTAPE

G0 TO 104

C STORF OPTIONS. SEE C60 FOR LSTSQS OPTION.

208
206
209
110

108

319

106

2106

[of
c40

D0 206 1J=1.4
IF{ IWORD( IJ).NE.IBLNK) LDATE = IWORDI(IJ)
CONT INUE

GO TO 104

TEST(14) = .TRUE.
G0 TO 104

TEST(10) = .TRUE.
GO TO 104

CALL TEMPER (NT,TINTVL +» T+ IWORD,»WORD)
TEST(20) = .TRUE.
GO 10 104

TEST(12} = .TRUE.
GO TO 104

TEST{15) = .FALSE.
ITR = 0

NF = 0

Bn 2106 1=1.10
EXP{I} = O.
TRANGE({ 1)} = O
TCONST = O.

GO TO 104

C METHOD CARD HAS BEEN READ.
C

107

2000

D0 2000 I = 1.4

DATA IREAD/6HREADIN/, ICOEF/4HCOEF/

IF{TWORD(I).EQ.IREAD.OR. TWORDII).EQ.ICOEF} [CARD = IWORD{I)
IF{IWORD(T}.EQ.IPIPI = WORDII)

CONTINUE

IF ( R.EQ.0. } GO TO 150

IF(TEST(20) .OR. ICARD.EQ.IREAD) GO YO 130

C STORE STANDARD T SCHEDULE IF NO TEMP CARDS HAVE BEEN READ.

131

(s NeNaNe]

130
2001

235

24

T{1) = 100.0

T(2) = 200.0

T(3) = 298,15

T{4) = 300.0

00 131 NT = 5,61

T(NY) = TI(NT-1} + 100.0
NT =61

CALL RECO FOR READIN OR COEF METHODS

CALL ATOM FOR MONATOMIC GASES

CALL POLY FOR DIATOMIC OR POLYATOMIC GASES

IF {ICARD.NF.IRFAD .AND. ICARD.NE.ICOEF) GO TO 23S
CALL RECO
GO TO 1161

IF((HCK.EQ.0.) .OR. WEIGHT.EQ.O.) GO TO 150
IF{NDATMS.EQ.1) GO TO 148

IFINDATMS.GE.2) GO TO 149

PAC10158
PAC10159
PACL0160
PACL0161
PAC10162
PAC10163
PAC10164
PACLO165
PAC10166
PAC10167
PAC1O168
PAC10169
PAC10170
PAC10171
PAC10172
PACLO173
PAC10174
PACL0175
PAC10176
PAC10177
PACLO178
PAC10179
PAC10180
PAC10181
PAC10182
PAC10183
PAC10184
PAC10185
PACL0186
PAC10187
PAC10188
PAC10189
PAC10190
PACLO191
PACL0192
PAC10193
PACLO194
PAC10195
PAC10196
PAC10197
PAC10198
PAC10199
PAC10200
PAC10201
PAC10202
PAC10203
PAC10204
PACL0205
PAC10206
PAC10207
PAC10208
PAC10209
PAC10210
PAC10211
PAC10212
PAC10213
PACL0214
PAC10215
PACL0216
PACL0217
PAC10218
PACL0219
PAC10220
PACL0221
PAC10222
PAC10223
PAC10224
PACL0225
PAC10226
PAC10227
PAC10228
PAC10229
PAC10230
PAC10231
PAC10232
PAC10233

244

295



150 WRITE(6,151) PACL0234

c PAC10235
151 FORMAT (S50HOERROR IN INPUT. GO TO NEXT SPECIES, C40 1PAC10236
PAC10237

152 IF (ICARD.EQ.IFINSH) GO TO 88 R PAC10238
READ {5, 1)ICARD PAC10239

1 FORMAT{AS) PAC10240

G0 TD 152 PAC10241

88 TEST{16) = .FALSE. PAC10242
LINES = LINES ¢+ 2 PAC10243

CALL PAGEID (LINES) PAC10244

G0 TO 103 PAC10245

148 CALL ATOM PACL0246
GO TO 1160 PAC10247

149 CALL POLY PAC10248
1160 NIT = NT + 1 PAC10249
1161 IF (TEST(16)) GO TO 152 PAC10250
161 CALL PAGEID (LINES) PAC10251
GO TO 194 PAC10252

C PAC10253
cs50 PAC10254
o PAC10255
111 IF (TEST(9))} GO TO 112 DELHOO16
WRITE (6+163) DELHOO17

163 FORMAT(54HOCP/R,{H-HO)/RToAND S/R ARE NOT READY FOR OUTPUT, C50 ) DELHOO18
GO TO 103 DELHO0020

112 NLAST = NT PAC10257

c PAC10258
C CALL DELH TO CALCULATE HO IF NECESSARY. DELH WILL CALL LEAST FOR PAC10259
c LEAST SQUARES FIT IF OPTION HAS BEEN REQUESTED. PAC10260
IF(NNN.LT.NLAST) CALL DELH PAC10261

c PAC10262
C CALL TABLES TO PUNCH FIRST TWO TABLES OF FUNCTIONS. PAC10263
1367 CALL TABLES PAC10264
C PAC10265
C FOR EFTAPE OPTION, CALL HFTAPE TO PUNCH EF DATA AND PUT DATA ON TAPE.PACL0266
IF (TEST{10}) CALL EFTAPE PACL0267

[ PACL0268
C IF LOGK OPTION., CALL LOGK TO CALCULATE DELTAH AND LOG K AND PAC10269
c PRINT TWO TABLES OF PROPERTIES. PAC10270
367 IF (TEST{12)) CALL LOGK PAC10271
GO TO 103 PAC10272

c PAC10273
c&0 PAC10274
C STORE DATA FROM LSTSQS CARD. PAC10275
c PAC10276
DATA ITCONS/6HTCONST/,IEXP/3HEXP/ PAC10277

180 TEST (15) = .TRUE. PAC10278
00 185 I = 1,4 PAC10279

IF (IWORD{I} .EQ. IHT) GO TO 181 PAC10280

IF (IWORD{(I) .EQ.ITCONS} GO TO 186 PAC10281

IF (IWORD(I) .EQ. IEXP) GO TO 183 PAC10282

IF {IWORD(I) .€0. IBLNK) GO TO 185 PAC10283

WRITE (6.,187) IWORD(I). WORD(I) PAC10284

187 FORMAT (1HO., A6, 39H IS AN INCORRECT LABEL FOR THE NUMBER-- PAC10285

1 E12.4y 29H. VALUE IGNORED, C60 ) PAC10286

GO TO 185 PAC10287

186 TCONST = WORDII) PAC10288
GD TO 185 PAC10289

181 ITR = ITR + 1 PACL0290
IF(ITR .GT. 10) GO TO 182 PAC10291
TRANGE( ITR) = WORD(I) PAC10292

GO TO 185 PAC10293

182 WRITE (6+184) PAC10294
184 FORMAT (69HOFIRST 10 T*S ONLY WERE ACCEPTED FOR THE LEAST SQUARES PAC10295
1ROUTINE, C60 ) PACL0296

GO 7O 185 PAC10297

183 NF = NF + 1 PAC10298
EXPINF ) = WORD{(I) PAC10299

185 CONTINUE PAC10300
GO TD 104 PAC10301

END PAC10302

~

306

309

314
317

320

326

330

335

338

341
345

367

382

25
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c70
C READ AND MRITE INPUT

[

901
1

902

904

906

SUBROUT INE INPUT(LINES)

COMMON NAHE(Z)'C(163'-lCARD-lHdRD(5l.HDRD(4)
DIMENSION FMT(12),WRD(5)}

INPTO001
INPT0002
INPT0003
INPT0004
INPTO0005
INPTO006
INPTO007

DATA (FMT(I),I=143)/715H (1HOsA6+6XyAbs /4 {FMT(J)sU=5,9421/3%6H6X, A6INPTO008
Le/oFMTE12)/1H) /+FB/6HF15.8¢/¢F3/6HFL5.3¢/+F5/6HF15.5+/¢EB/6HEL5.8, INPTO009

2/ FI12/6H2X+12¢/+F1/76HF15.04/¢ IB/LH 7,FB/6HIX A6/
3 ISTART/ O FoB/LH /9A2/6H2X A2/ +FT/6HFL5.T 4/

IF (NAME(1).EQ.IB.OR.ISTART.NE.O) GO TO 901
CALL PAGEID{L INES)
ISTART = 1
WRITE (6,FMT) ICARD,(IWORD(I)y WRO(I}sI=1s4%),IWRD
READ(S5,1) ICARD,{IWORD(I ) WORD(I) I=14+4}),IWORD(S)
FORMAT (2A6+F12.0+A6,F12.09A641F12.04A6,F12.0,12)
DO 904 I = 1.4
Jd = 2%1+2
IF {WORD(I).EQ.D0.) GO TO 902
WRD{I) = WORD(I}
ABSY = ABS(WORD{I))}
FMT(J) = F8
If (ABSV.GE.l. } FMTUJ) = F7
IF (ABSV.GE.100. ) FMT{J) = F5
IF (ABSV.GE.10000.,)FMT(J) = F3
IF (ABSV.LE.1.0E-~3) FMT(J) = EB
IF (AMDD(ABSV,1.).EQ.0.) FMT(J) = Fl
GO TO 904
FMT(J) = FB
WRD(I) = 8B
CONT INUE
FMT (11) = A2
IWRD = IB
IF (IWORD(S5) .EQ.O0} GO TO 906
FMT(11}) =FI2
IWRD = IWORD(S)
WRITE (64FMT) ICARD, (IWORD(I}s WRD{I)4I=1,4),IWRD
LINES = LINES + 2
IF (LINES.GE.55) CALL PAGEID{LINES)
RETURN
END

INPTOO010
INPTOO11
INPTO012
INPTQOL13
INPTOO14
INPTOO015
INPTO016
INPTOO17
INPTOO18
INPTQO19
INPT0020
INPT0021
INPT0022
INPTOO23
INPT0024
INPTO025
INPT0026
INPT0027
INPT0028
INPT0029
INPTO0030
INPTOO31
INPTO032
INPT0033
INPT0034
INPT0035
INPT0036
INPTO0037
INPT0038
INPT0039
INPT0040
INPT0041
INPT0042

62
T2



c
c8o

C PRINTS CHEMICAL FORMULA AT BOTTOM OF PAGE AND SKIPS TO NEXT SHEET.
c

50

100
200
300

400
500

SUBROUTINE PAGEID (LINES)

COMMON NAME( 2)

OATA SKIP /IH /, ZERD /1HO/

SKP = ZERD

IF (LINES .LT. 55) GO TO 400
IF (LINES .GT. 57) SKP = SKIP
o NAME(1)+ NAME(2)y NAME(1l).,

WRITE (6,100} SKP
FORMAT (Al, 2A6,
WRITE (6,300)
FORMAT (1HL 7/77)
LINES = 4

RETURN

WRITE (6,500)
FORMAT (1H )
LINES = LINES + 1
GO To 50

END

95Xy

2A6)

NAME(2)

PAGEOOO1
PAGE0002
PAGEQO03

PAGEQQO4
PAGEQO00O5
PAGEOOO6
PAGEQODO7
PAGEOOOB
PAGE00O9
PAGEOO10
PAGEOOL1
PAGEOO12
PAGEOO13
PAGEOO14
PAGEOOLS
PAGEOO16
PAGEOOL7
PAGEOOLS
PAGEOO19
PAGE0020

27



SUBROUTINE EFTAPE

EFTPO0QOL

c EFTP0002
COMMON NAME(2).SYMBOL(T70),ATMWT{70) +RyHCKyNEL +ICARD,IWORD{5)¢ EFTP0O0O3

1 WORD{4)+ TESTL20) +WEIGHT 4FORMLALS) oMLA(5) s BLANK,ELEMNT{70), EFTPOOO4

2 NATOMsNT.CPR{202) +HHRT (202) 4ASINDH, T(202) +ASINDT . FHRT (202), EFTPO0COS

3 SCONSToNOATMS ¢MPLACE(TO) +LPLACE(T70) +NMLA(TO)}+NDFILE, EFTPOOO6

& SPECHs TAPE(606 ) oPTMELT.PEX{(10)+TRANGE(10},TCONST,NKIND, EFTP0OOO7

5 NFyLINES, ITReNTMP,AG{70)+GG(T70)4NIToPl +H298HR, IHEAT,JF(5) EFTPOOOSB

c EFTPO009
€90 EFTPOO10
c EFTPOO11
EQUIVALENCE ENAMJAME) EFTPO012
LOGICAL TEST EFTPOO13
INTEGER SYMBOL+ ELEMNT, FORMLA EFTPOO14

c EFTPOO1S
C TESTI10)~—PUNCH EF DATA AND PUT DATA ON TAPE FOR REACTANT WITH EFTPOO16
c EFTAPE CARD IN SPECIFIC DATA. EFTPOO17
IF (.NOT.TEST({10}) GO TO 147 EFTP0018
REWIND 3 EFTPOO19

NDF = NDFILE + 1 EFTP0020

CALL SKFILE(3,NDF)} EFTPO021

DATA THO/SHHZERO/, MELTPT/6HMELTPT/,ITNO/6H T NO./ EFTP0022

DATA THFDAT/6HEFDATA/,IBLANK/1H /4IE/6H00000E/ EFTPO023
INORDU1)= NAME(1) EFTP0024
WORD{2) = ASINDH EFTP0025
WORD(3) = PTMELT EFTPOQ26
WORD(4) = NT EFTPO0O27

c EFTP0OO28
c100 EFTP0029
4 EFTP0030
C PUNCH AND LIST EFDATA CARD. EFTP0OO31
PUNCH 9y IHFDATyNAME(1) +IHO,ASINDH,MELTPT,PTMELTITND,NT EFTPO032

9 FORMAT { 2A6412X+92(A6+F12.4),A6,41I12) EFTP0O033
WRITE (6410} IHFDAT,NAME{1) o THO+ASINDH, MELTPT, PTMELT+ITNO.NT EFTP0O34

10 FORMAT(L1HOoAG s 6Xe A6+ 15X +2(6XsA6+F15.4)96XsA645115) EFTPO035
NAM = TWORD(1) EFTPO036

KX = 0 EFTP0037

Cc EFTPOO38
C ARRANGE DATA FOR PUNCHING BINARY EF DATA CARDS. EACH BINARY CARD EFTP0039
c CONTAINS THE FORMULA (3RD WORD PHYSICALLY) AND 7 SETS OF T, EFTP0040
Cc {H-HO)/RT AND -(F-HO)/RT VALUES. EFTP0041
DO 191 I = 1,3 EFTPO042

DO 191 LX = 1, NT EFTP0O043

KX = KX + 1 EFTPO044

IF (MOD(KX,22).NE.1} GO TO 190 EFTP0O4S
TAPE(KX})} = AME EFTPO046

KX = KX + 1 EFTPOOAT

190 IF (I1.EQ.1) TAPE(KX) = T(LX) EFTP00O48
IF (1.EQ.2) TAPE(KX) = HHRTILX) EFTP0049

IF (1.€Q0.3) TAPE(KX) = FHRT(LX) EFTP0OOSO

191 CONTINUE EFTPOOS1

[+ EFTPOO52
C BCDUMP IS MAP ROUTINE FOR PUNCHING BINARY CARDS. EFTPO0S3
CALL BCDUMP (TAPE(1)}+TAPE(KX}} EFTPO054

[ EFTPOOS5S
C EFTP0O0O56
C110 EFTPOOS7
c EFTPOOS8
€ READ IN BINARY EF DATA AND PUT ON TAPE 3 EFTP0059
Cc ORDER OF WORDS ON TAPE FOR EACH ELEMENT OR ATOM—— EFTP0060
[ l. NAME {IWORD(1) ON EFDATA CARD) EFTP0061
Cc 2. HIEROD (WORD(2) ON EFDATA CARD} EFTP0062
o 3. MELTPT (NORD{3) ON EFDATA CARD) EFTP0063
Cc 4. T NO. (WORD{4) ON EFDATA CARD) EFTPO06S
c 5. TEMPS {NEXT T NO. OF WORDS} EFTPO065
c 6. HHRY {NEXT T ND. OF WORDS) EFTP0066
c Te FHRT (NEXT T NO. OF WORDS) EFTPO0O6T
c EFTP0O068
147 N = 3,0%*WORD{4) + 0.1 EFTP0069
NX = N + N/21 EFTPOOTO

IF {MODIN,21).NE.O) NX=NX+1 EFTPOOT1

c EFTPOO72
C BCREAD IS MAP ROUTINE FOR READING BINARY CARDS. EFTPOOT3
IF (.NOT.TEST(10}) CALL BCREAD (TAPE(1), TAPE(NX)) EFTPOOT4

NAM = IWORD(1) EFTPOOTS

IXx =0 EFTPOOT6

DO 999 IXX=1.NX EFTPOOT7

IF (TAPE(IXX).EOQO.AME) GO TO 999 EFTPOOT8

IX = IX + 1 EFTPOOQT9
TAPELIX) = TAPE(IXX) EFTPOOBO
EFTPOOB]

999 CONTINUE

40

48



IF (N.EQ.IX) GD TO 1100

EFTPO0B2

WRITE (641105) NAM EFTP0OO83
1105 FORMAT{ 10HOERROR IN +A6.13H EFDATA, C110) EFTPOOBS
RETURN EFTPOO8S
[4 EFTP0086
c120 EFTP0O87
c EFTPOO8S
C WRITE EF DATA ON TAPE. EFTPOO89
1100 NDFILE = NDFILE + 1 EFTP0090
) WRITE (3) IWORD(1l), WORD{2), WORD(3), WORD(%&} EFTP0091
WRITE(3) (TAPE(I}+I=1,N) EFTP0092
END FILE 3 EFTP0093
c EFTP0O094
C TEST{(1)~——~LISTEF CARD HAS BEEN READ. THUS LIST EF BINARY DATA. EFTPO09S
IF ( .NOT.TEST(1 )} GD TO 210 EFTP0096
WRITE (6,201) EFTP0O097
201 FORMAT{ 11X, LHTo13Xy 8H H-HO/RTs 12X 10H—(F-HO}/RT+19X+1HT y13X+8H H-HEFTP0O98
10/RF 412X, LOH-(F-HO ) /RT) EFTP0099
LINES = LINES+1 EFTPO100
N3 = N/3 EFTPO101
DO 205 I = 1,N3,2 EFTPO102
4 = N3 ¢+ 1 EFTPO103
K =32 % N3 ¢ 1 EFTPO104

LINES = LINES+]l
IF (LINES.GE.55) CALL PAGEID(LINES) EFTPO105
205 WRITE(6+ 202)TAPE(I ) o TAPE(J) ¢ TAPE(K) 4 TAPE(I#1) ,TAPE(JU+1),TAPE(K+L) EFTPO106
202 FORMAT (F15.3,2F20.8+8X.F15.3,2F20.8) EFTPO107
210 EINDEX = 1 EFTPO108
€130 EFTPO109
IF (TEST(10)) GO TO 146 EFTPOL10
TEST(T7) = .TRUE, EFTPOL11
ICARD = IWORD{1) EFTPO112
IWORD(1)} = IBLANK EFTPOL113
[ EFTPO114
C TEST(TI--SUBROUTINE IDENT IS BEING CALLED FROM EFTAPE. EFTPOLILS
C SUBRDUTINE IDENT IS CALLED TD DETERMINE NUMBER OF ATOMS IN REACTANY. EFTPO116
[+ EFTRO1LT
CALL IDENT EFTPO118
NAME(1) = IBLANK EFTPO119
146 IF (NDATMS.EQ.1.AND.TEST{4)) GO TO 141 EFTPO120
c EFTPO121
C NATOM = NUMBER OF REACTANT SPECIES ON TAPE AT THIS TIME. EFTPO122
C SYMBDL = ATOMIC SYMBOL = FORMLA{1) FROM IDENT. EFTPO123
C ELEMNT = ASSIGNED REFERENCE FORM EFTPO124
C NMLA = NUMBER OF ATOMS IN ELEMENT. EFTPO125
C MPLACE = POSITION OF MONATOMIC REACTANT SPECIES ON TAPE. EFTPO126
C ULPLACE = POSITION OF ASSIGNED REFERENCE REACTANT ON TAPE. EFTPO127
Cc EFTPOL28
IF (NATOM.EQ.0) GD TO 142 EFTPO129
DD 140 INDEX = 1,NATOM EFTPO130
IF (ICARD.EQ.ELEMNT(INDEX}) GO TD 151 EFTPO131
140 CONTINUE €EFTPO132
DO 150 INDEX = 1,NATOM EFTPO133
IF {FORMLA{1).EQ.SYMBOL{INDEX}}GO TO 152 EFTPOL34
150 CONTINUE EFTPO135
142 NATOM = NATOM + 1 EFTPO136
INDEX = NATOM EFTPO137
151 SYMBOL ( INDEX) = FORMLA{(1)} EFTPO138
152 NMLACINDEX) = MLACL) EFTPO139
LPLACE( INDEX) = NODFILE EFTPO140
GO TO 163 EFTPO141
c EFTPO142
C REACTANTY SPECIES IS MONATOMIC GAS. EFTPO143
141 IF {(NATOM.EQ.0} GO TO 161 EFTPO144
DO 160 INDEX = 1,NATOM EFTPO145
IF (FORMLA{1).EQ.SYMBOLUINDEX)) GO TD 162 EFTPOL146
160 CONTINUE EFTPO147
161 NATOM = NATOM + 1 EFTPOL148
SYMAOL{NATOM} = FORMLA(L) EFTPOL49
INDEX = NATOM EFTPO150
162 MPLACE(INDEX) = NOFILE EFTPO151
c EFTPO152
C NEL = INDEX FOR POSITION OF ELECTRON GAS IN ARRAYS OF DATA FOR EFTPO153
[ REACTANT SPECIES. EFTPO154
IF (FORMLA(1).NE.IE} GO TO 163 EFTPO155

NEL = INDEX

NMLA(NEL) = 1 EFTPO156
LPLACE(NEL) = MPLACEINEL) EFTPO157
163 IF (TEST(10)) RETURN EFTPO158
DO 145 1=3,7 EFTPO159
145 TEST(I) = .FALSE. EFTPO160
RETURN EFTPO161
END EFTPOL162

67

69
70

7

80

90
92

107

29



30

SUBROUTINE IDENT IDENCOOL

C FROM FORMULA, DETERMINE-- IDEN0002
c 1} PHASE OF SPECIES. IDENDOO3
c 2) NUMBER OF ATOMS IN SPECIES, IDENOOO4
c 3) MOLECULAR WEIGHT, : IDENQOOS
[ 4) IF ION, NUMBER OF ELECTRONS ADDED OR SUBTRACTED FROM NEUTRAL IDEN000&
Cc SPECIES. IDENOOO7
COMMON NAME{2)+SYMBOL{TO0) yATMWT(70) yRyHCK¢NEL +ICARD,IWORD(5), IDENOOOS

1 WORD(4) s TEST{20) yWEIGHT yFORMLA{5) +MLA(S )+ NPLUS,ELEMNT(70), IDENOOD9

2 NATOMsNT.CPR(202) ¢ HHRT (202 ) yASINDH,T{202) ASINDT+FHRT202), IDENDO10

3 SCONSToNOATMSyMPLACE(70)4LPLACE(TO) +NMLA{T70) s NDFILE, IDENOO11

L SPECHs TAPE(202y3) s PTMELT,PEX(10) y TRANGE(10) +TCONST,NKIND, IDENOO12

5 NFoLINES.IFRyNTMP4AG(T70),GG(T70)4NIT,PI sH298HR,IHEAT,JF(5) IDENOO13

DATA IBLNK/1H /+IPLUS/6H00000+/,MINUS/6HO0000~/4LFTPAR/6HOO000( /4 IDENOOLS

1 IGAS/6H00000G/,L 1Q/6HO0000L / IDENOO15

c IDENOO16
C140 IDENOOQ17
[ IDENOO18
INTEGER SYMBOL. ELEMNT, FORMLA IDENOO19
LOGICAL TEST IDEN0CQ20
DIMENSION TA(12)4NOC(11),NUM(11) 1DEN0021

DD 49 1 = 1,11 IDENOOQ22

NO(I) = O IDENOO23

49 NUM(I) = O IDENOO24

[ . 1DEN0O25
C PUTS EACH ALPHANUMERIC CHARACTER OF FORMULA IN IA ARRAY(RT ADJUSTED) IDEN0026
[ IDENOO27
NAME(1) = ICARD IDENOO28
NAME(2) = IWORD(1) IDEN0029

J=1 IDEN0OO30

DO 50 I=1,2 IDENOO31

D0 51 K=1,6 IDENGO32
T1A(J)=TARS{30.,NAME(I)) IDENOO33
NAME(I} = TALS{6,NANE(I)) IDENOO34

51 J=d+l I0ENOO35

50 CONTINUE IDENOO36
NAME({1) = ICARD IDENCO37
NAME(2) = IWDRD{L) IDENCO38

[ IDENOO39
C150 IDEN0O4O
C WHICH CHARACTERS ARE NUMBERS AND WHAT ARE THEY IDENCGO41
[# IDENDO42
c INO=NUMBER OF NUMBERS IDENOO42
o NUM(I)= tOCATION OF NUMBERS IN IA ARRAY IDENOO44
C NO(I)= NUMBERS IN THESE LOCATIONS IDENQO4S
c IDENOO46
WEIGHT=0.0 TDENOO47

INO = O IDENOO48
IONNUM = O IDENOCO49

DO 60 N = 2,12 IDENOO50

IF (IA{N).LE. 9) GO TO 53 IDENOOS51

IF (IAIN).EQ.IBLNK) GO TO 54 IDEN0052

IF (IAIN).EQ.IPLUS) TONNUM = TONNUM ~ 1 IDEN0OS53

IF (IA(N).EQ.MINUS) IONNUM = [ONNUM + 1 IDENOOS4

GO TO 60 IDENOOS55

53 IF (IND.NE.O.AND.N.GT.NUM(UIND?}+3) GO TO 55 IDENOOS6
IND = INO + 1 IDENOOS7
NOCIND) = IA(N) IDENOOS8

NUM{ IND) = N IDENO059

60 CONTINUE IDEN0060

c IDENOO61
C IF NO NUMBERS (INO=0) PROBABLY NOT A FORMULA CARD. RETURN TO PACl. IDENO0O62
54 IF (INO.NE.O) GO TO 57 IDENQO63

55 WRITE (6,56) 1DENOOG4

56 FORMAT (45HOERROR IN ABOVE CARD, IGNORE CONTENTS, C150 1 IDENOQO65
RETURN IDEN0066

57 IF (IONNUM .EQ.0) GO TO 61 IDENOO6T

[ IDENOO6S
C IONIC SPECIESs CALCULATE CORRECTION TO MOLECULAR WEIGHT. IDENOO69
TEST(3) = .TRUE. 1DENQOT70
FIONNO = IONNUM 1DENOO71
WEIGHT = FIONNO * ATMWT{NEL) IDENQOT2

IF (NEL .NE.O) GO TO 66 IDENOO73
WEIGHT = 0 IDENOOTA

WRITE (6,700) IDENOOT5

700 FORMAT (30HOELECTRON DATA MISSING, C150 } IDENOO76
GO TO 66 1DENOOT?

16
19

62

T0



61 NEXT = NUMUIND) + 1

C DETERMINE PHASE OF SPECIES.

IF{ JACNEXT).EOQ, IBLNK .OR. ITA(NEXT#1}.EQ.IGAS) GO TO 66

IFUIA(NEXT) .EO.LFTPAR} GO TO 165
64 WRITE (6,65}

65 FORMAT{42H ERROR IN NAME.GO TO NEXT SPECIES, C150
TEST(16) = .TRUE.
RETURN
165 IF(TA(NEXT+1).EQ.LIQ)TEST(S5)=. TRUE.
IF{TA(NEXT+#1).NE.LEQ)TEST(6) =, TRUE.
NPLUS = NEXT + 1
GO TO 67
66 TEST{4)=.TRUE.
c
€160
c

67

X G
LI
O e

DO 100 LMN = 1,5
FORMLA({LMN) = O
100 MLA(LMN) = O
NOATMS = 0 °
c

C STORE EACH ATOMIC SYMBOL IN FORMLA(J). NUMBER OF ATOMS IN MLA(J).

69 IF(NUMIT).EQ.{K+2))GD TO 70
IFINUM{I).NE.(K+3))GD TO 64
FORMLA(J)=TALS(6, IAIK+1))&IA(K+2)
GoD 1O 71

70 FORMLACJ)=TA{K+1)

71 IFCINUNCTI)+1).EQ.NUM(I+1})GO TO T2
MLACJS)=NOLT)

GO TO 73

72 MLA(J)=10%NOCTI)+ND(I+¢1}

I=I+1

(e N3}

NOATMS = TOTAL NUMBER OF ATOMS IN MOLECULE.
73 NOATMS=NDATMS + MLA(J)
IF(TEST(T7)) GO TO 85

Cc
C FIND ATOM FORMULA IN SYMBOL TABLE
c

DU r4 L=1,NATOM
IFCFORMLACJ).EQ.SYMBOLIL)IGO TO 91
T4 CONTINUE
90 WRITE (6,92)
92 FORMAT (50HOATOM CARD MISSING OR FORMULA INCORRECT,

WEIGHT = 0
GO TO 85
c
C CALCULATE MOLECULAR WEIGHT.
C STORE POSITION OF ELEMENT DATA IN JF,
91 JFt4) = L
IF (ATMWTI(L).EQ.0.0) GO TO 90
75 WEIGHT=WE IGHT+ATMWT(L)*FLOATI{MLA(J))
85 IF{ INO.LE.I) GO TO 88
K=NUM(T)
I=1+1
J=J+l
GO TO 69
88 IF (.NOT.TEST(3) .OR. NEL.EQ.0) GO TO 900
Jd=J ¢+ 1
JFUJ) =NEL
FORMLA(JS) = SYMBOL{ENEL)
MLA(J) = IONNUM
Cc

C NKIND = NUMBER OF ELEMENTS IN FORMULA.
900 NKIND = J
IF (TEST(3) .AND. NEL .EQ. O) WEIGHT = 0.
IF (.NOT.TEST{T7)} RETURN
NAME(1) = IBLNK
RETURN
END

C160

IDENOO78
IDENOO79
IDENOO8O
IDENOO81
IDENOOB2
IDENOOB3
IDENQOS84
IDENOOBS
IDENQO86
IDENOO8T
1DENOOBS
IDENOO8Y
IDENOO090
IDENOO91
1DENOO92
IDENOC093
IDEN0094
IDENOO9IS
IDENCO96
1DENOO97
IDEN0O98
IDEN0099
IDENO100
IDENO10O1
IDENO102
IDENO103
IDENO104
IDENQ10S
IDENO106
I1DENOLO7
1DENO108
IDENO109
IDENO110
IDENO111
IDENO1L12
IDENO113
IDENO114
IDENO115
IDENO116
IDENO117
IDENO118
TDENOL19
1DENO120
IDENO121
IDENO122
IDENO123
IDENO124
IDENO125S
VIDENO126
IDENO127
IDENO128
IDENO129
IDENO130
IDENO131
IDENO132
IDENO133
IDENO134
1DENO13S
IDENO136
IDENO137
IDENO138
IDENO139
1DENO140
IDENO141
IDENO142
IDENOL143
IDENO144
IDENO145
IDENO146
IDENO 147
IDENO148
IDENO149
IDENO150
IDENO151
IDENO152

151
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32

oA ON

c
c

Cc
c
c

STORES T SCHEDULE IN T ARRAY FROM DATA ON TEMP CARDS.

NT

TINTVL = I VALUE ON TEMP CARD. PRESERVED IF LAST VALUE ON CARD SO
IT WILL BE AVAILABLE FDOR USE WITH DAYA ON NEXT TEMP CARD.

-

70

103

124
123

122
125
121
131

128

130
14]
129

126

127
132

133

120
180
1140

140

TEMP CARD IS BLANK--USE STANDARD TEMPERATURE RANGE

139

SUBROUTINE TEMPER(NT.TINTVL, T+ INORD +WORD)

= NUMBER OF TEMPERATURES

DATA IT/1HT/«I/1H1/+IBLANK/0606060606060/
DIMENSION TU202) + IWORD (5) +WORD (%)
D0 120 J=1.4

IF(IWORD{J) LEQ.IBLANK)} GO TO 120
IF{IWORD(J).EQ.IT) GO TO 121

IF (IWORD(J).EQ.I) GO TO 122

WRITE (6,123)

FORMAT(35HOERROR IN LABELS ON TEMP CARD, C170)
GO TO 139

IF {NT.GT.0) GO TO 125

GD YO 124

TINTVL = WORD(J)

G0 TO 120

IF (NT.EQ.0) GO TO 126

IF (TINTVL.EQ.0.0) GO TO 127

IF¢ (TINT).GE.(298.15-.0001})) GO TO 128
IF ({TI(NT)+TINTW).GT.{298.15+,0001)} GO TO 129
NY = NT+1

IF (NT.G6T.202) GO TO 1140

TINT) = TINT-1)+TINTVL

IF (T(NT).GE.{WORD(J}-.0001)) GD TO 141
GO 10 131

TINTVL = 0.0

G0 TO 120

NT = NT+1

TINT) = 298.15

NT = NT+1

TINT) = TINT-2)+TINTVL

GD TO 130

NT = 1

T (NT) = WORD(J)

GO TO 120

IF (T(NT).GE.(298.15-.0001)}) GO TO 132
IF (WORD(J).GT.(298.15+.0001))G0 TO 133
NT = NT+1

IF (NT,GT.202) GO TO 1140

TINT} = WORD(J)

G0 7O 120

NT = NT+1

TINT) = 298.15

GD TO 132

CONT INUE

RETURN
NT = 202
WRITE {64140)

FORMAT { 41HONUMBER OF TEMPERATURES EXCEEDS 202, C1801}

RETURN

INORD(1) = IT
WORD(1) = 100.0
IWORD(2) = 1
WORD(2) = 100.0
IWORDI3) = IT
WORD(3) = 6000.0
GO TO 103

END

TEMPOOO1

TEMPO002
TEMPOO0O03
TEMPOOO4
TEMPO005
TEMPO006
TEMPOOL11
TEMPOO12
TEMPOO13
TEMPOO14
TEMPOOLS
TEMPOO16
TEMPOOL17
TENMPOOL8
TEMPOOL9
TEMP0O020
TEMP0O21
TEMPQO22
TEMP0O023
TEMPOO24
TEMP0025
TEMP0O26
TEMPOO 27
TEMP0028
TEMP0029
TEMPO030

- TEMPOO31

TEMPDO32
TEMPOO33
TEMPOO34
TEMP0O35
TEMPOO36
TEMPOO37
TEMPOO38
TEMP0039
TEMP0040
TEMPOO41
TEMPQO42
TEMPO043
TEMPOOA4
TEMP0045
TEMP0OO46
TEMPOO47
TEMPOO48
TENPOO49
TEMPOOS50
TEMPOOS1
TEMP0052
TEMP0O53
TEMPOOS4
TEMPOO55
TEMP0OS56
TEMPOOS7
TEMPOO58
TEMP0OOS59
TEMPO060
TEMPOO061
TENMP0062
TEMPO063
TEMPOO64
TEMP0OO65
TEMPQOO66
TEMPOOS7
TEMP0O68

17
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SUBROUTINE RECO RECO0001

c REC0O0002
C READIN AND COEF METHODS. REC00003
c RECO0004
COMMON NAME(2),SYMBOL{70) yATMWT(TO} +RyHCK,ELECTR, ICARD,IWORD(5}s REC00005

1 WORD(4), TESTC( 20} 4 WEIGHT o FORMLA(S) sMLA(S5) 4 BLANK,ELEMNT{70), RECO0006

2 NATOM NT +CPR1202)» HHRT(202) s ASINDH, T{202) ,ASINDT «FHRT(202)+ RECOO00OT

3 SCONST,NOATMS sMPLACE (70} +LPLACE{T70) +NMLALTO} 4NOFILE. REC00008

4 SPECH, TAPE(202,3) 4PTMELT,PEX(10) ,TRANGE(10), TCONST,NKIND, RECO0009

5 NF LINESsITRyNTMP5AG(70)+GG{70) +NIT,PIH298HR RECD0010
COMMON /PCH/LEVELyNFL,NF2,0(9,15),TC(10) 4 NTC,NEX,LDATE,NNN,NLAST RECOOOLl

c REC00012
C190 RECOO013
C RECO0014
DIMENSIDN EX(15}) REC0O0015
LOGICAL TEST. TSTRED,TSTCO RECO0016
EQUIVALENCE (AN,NN} REC0O0017

DATA IT /2HT /, IBLNK Z1H /. 1E /5HOODO0E/ RECO0018

1 IC /6H00000C/s IPNCH /6HTPUNCH/, THH1 /6HCHHD/R/, REC00019

2 IHH2C /6HCHHO/R/» IHR J4HCH/R/ o ISRC /4&HCS/R/. REC00020

3 MASK /0776077777717 /, IREOUC/6HREDUCE/ REC00021

DATA IHHD1 /S5HCH-HO/s IHHD2 /SHCH-HO/,1SC/2HCS/s 1H/2HCH/ RECD0022

DATA ECP, IHHO, IHH2, IFHO, IFH2, IS, IHHOT, EHH2T, IFHOT, IFH2T, RECO0023
LICPRs IHHORTy IHH2RT, IFHORTs IFH2RT, ISR /2HCP+ 4HH-HO, REC00024
24HH-H2, S5H-F-HO, 5H-F-H2, 1HS, &6HH-HO/T, 6HH-H2/T, SH-FHO/T, RECD0025
36H-FH2/T, 4HCP/R¢ 6HH-HORT, 6HH-H2RT, 6H-FHORT, 6H-FH2RT, 3HS/R/, RECO0026

& IH29H0/6HH298HO0/ IH29HO/ 6HH298HO/ +» IDELH/6HOELTAH/ + IDELS REC00027

5 /6HDELYAS/, ICOEF/4HCOEF/ MP/6HMELTPT/, REC00028

6 IHHO/ 4HH-HO/ ¢ IHHOT/6HH-HO/T/ 4 IHHORT /6HH-HORT 7 » IFHO/ 5H~-F-HO/» REC00029

7 IFHOT/6HF-HO/T /¢ IFHORT/6H-FHORT/ RECC0030

IF {LEVELNE.1) LEVEL=LEVEL41 REC00031

[ RECD0032
€ INITIALEZE. NIT IS INDEX FOR NEXT T AND CORRESPONDING FUNCTIONS. REC00033
NTT = NIT REC0O0034

TT = TINIT-1) RECO0035
HHRTINTT) = 0. RECD0036
FHRT{(NTT) = ~1.0 REC00037

TJL = TINIT) RECO0038

TS2 = TINT} REC0D0039

TSTCU = .FALSE. REC00040
H298HO = 0. RECO0041
TSTRED = .FALSE. REC00042

c REC00043
C STORE INFORMATION FROM METHOD CARD. RECO0044
DO 2200 [ = 1.4 RECDO045
IFCIWORDUT}.EQ. IH29HO.0R, INCRD¢L) . EQ. IH29HO) H298HO = WORD(I) RECO0046

IF (IWORD(I}.€EQ.IDELH} GO TO 2155 RECO0047

IF (IWORD(I}.EQ.IDELS) 60 TO 2150 REC0O0048

IF (IWORD(I}.EQ.ICOEF)} TSTCO = .TRUE. RECO0049

[ RECD0050
C 1IF REDUCE- LABELs COEFFICIENTS ARE FOR CP/R. RECO0D051
IF (IWORD{1).EQ.IREDUC)ITSTRED=.TRUE. REC00052

IF (IWORD{I).EQ.MP) PTMELY = WORD(I) RECD0053

GO 1O 2200 RECO0054

c REC0D0055
C DELTAH OR DELTAS FOR HEAT OF TRANSITION. CALCULATE H~-HO/RT AND RECD0056
c —(F-H0) /RT FOR NEW PHASE. RECO0057
2150 WORD(I) = WORD(I)*TY RECO0OS58
2155 IF{NIT.GT.1} GO TO 2156 RECO0059
TEST(16)= .TRUE. REC00060
WRITE( 64 2154) RECD0061

2154 FORMAT(47HOT FOR TRANSITION UNKNOWN. GO TO NEXT SPECIES. ) RECO0062
RETURN RECO0063

2156 HHRT(NTT) ® HHRT(NIT-1) + WORDUI)/{(R*TT) RECD0064
FHRTINTT) = FHRTI(NIT-1) RECD0065

2200 CONTINUE RECD0066
c RECO0067
€200 RECD0068
[ REC00069
1F(H298HR.EQ. 0.1 H298HR = H298HO/R REC0O0070
IFC(HHRTINTT) .EQ.0.).OR.HHRTINIT) .EQ.HHRTINIT-1))} 6D TO 9 RECO00T1

NLAST = NIT-1 RECQ0072

c RECD0073
€ IF THERE HAS BEEN A HEAT OF TRANSITION, CALL DELH TO CHECK FOR RECDOO74
c LSTSQS OR PUNCHED COEFFICIENTS FOR PREVIOUS PHASE. RECO0075
CALL DELH RECD0076

NNN = NIT RECDO0O77

NLAST = NT RECDOO78

c RECD0079
LEVEL=] RECO0080

9 DO 10 I = LEVEL,9 RECD0081

DO 10 J = 1, 15 REC00082

10 Ct1.3) = 0.0 RECO0083
NEX = O RECD0084

NOTS = O RECD0085

NDT = O RECO0086

JT = 0 REC00087
NFIRST = O RECO008S

50 CALEL INPUT (LINES) RECO0089
NWORbY = 1 RECO0090

IF (NFIRST .NE. 0) GO TO 100 RECDO091

c REC00092
C INITIALIZE FOR FIRST CARD. RECQ0093
NSUB = [CARD RECDOO0O94

43

&2

82
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[
¢ IF CC 1-6 NOT = TO CC 1-6 PREVIOUS CARD, GO TO 210 (C240}.
100 IF {ICARD .NE. NSUB) GO TO 210
102 IF (TSTCO.AND.NFIRST.NE.O) GO TO 3000
NFIRST = NFIRST+1
0urT = 0
00 410 1 = 1,4
IF (INORD(1)} .EQ. IT ) GO YO 15
410 CONTINUE
10UT = IT
11 WRITE (6,12) IOUT
12 FORMAT (31HODATA CARD WAS SKIPPED BECAUSE A6.24HVALUE WAS MISSING
1. C200}
13 LINES = LINES + 2
60 TD 50
c
c210
c
C 1IF TWO CONSECUTIVE T LABELS, ASSUME COEFFICIENTS, GO TO 3000 (C230).
c
15 IF (IWORD{(I+1}.EQ.IT} GO TO 3000
TT = WORD(I)
RT = R*TT
IF (TT .E0. 0.0 .DR. TSTCO) GO TO 30
[
C CHECK FOR CP.
DO 20 I = 1,4
IF (IWDRD(I} LEO. ICP)} GO YO 22
IF (IWORD(I) .EQ. ICPRIGO TD 24
20 CONTINUE
iouT = ICP
G0 TO 11
22 CPRINTT) = WORD(I}/R
GO TO 30
24 CPRINTT) = WORD(1)
c
C CHECK FOR ENTHALPY. SKIP IF CALCULATED FROM DELTAH.
30 IF({HHRTINTTI.NELO.) .AND.NFIRST.EQ.1) GO TD 9491
D0 40 [ = 1.4
TFCIWORD( 1) .EQ. THHD ) INORD(EI) =IHHO
IF{IWORD(TIV.EQ.THHOT ) IWORD(I) =IHHOT
IFEIWORD(I).EQ. THHORT ) IWORD(I) =IHHORT
IF (IWORD(ID.EQ.IHHO <OR. IWORD{I}.EQ.IHHOT .OR. IWORD{I).EQ.
1 IHHORT) GD TO 60
IF (IWORD{I).EQ.THH2 .OR. IWORD{I).EQ.IHH2T .OR. IWORD{I}.EQ.
1 1HH2RT) GO TO 850
40 CONTINUE
10UT = IHHO
G0 TO 70
850 IF (TT .NE. 0.0) GO TO 52
IF (H298HO +E0. 0.0 .AND. IWORD(I) .EQ. IHH2)} H298HO = -WORD(I)
GO TO 50
c
€ H-H298 FUNCTIONS.
52 IF (IWORD{I) .EQ. IHH2) HHRTT = WORD(I)/RT
IF (IWORD(I} .EQ. IHH2T) HHRTY = WORD(I}/R
IF (IWORD(I) .EQ. IHH2RT) HHRTT = WORD(I}
IF (H298HO .EQ. 0.0) TEST(13) = .TRUE.
HHRTINTT) = HHRTT + H298HO/RYT
GO TO 65
c
C H-HO FUNCTIONS.
60 IF {(IWORD{I) .EQ. IHHO) HHRTINTT) = WORD(I)/RT
IF (IWORD(1} .EQ. IHHOT) HHRT(NTT} = WORDI(I}/R
IF (IWORD{I} .EQ. IHHORT) HHRT(NTT) = WORD(I)
c
C CHECK FOR T= ASINDT ON FORMULA CARD.
65 IF (ABS{TT-ASINDT) .GT. 0.005) GO TO 70
SPECH = HHRT(NTT) #* RY
TEST(19) = .TRUE.
[+
C CHECK FOR FREE ENERGY FUNCTIONS.

HCDEF = 0.0
SCOEF = 0.0

70 FHRTT = -1.0

SR = -1.

0D 480 I = 1.4

IF{ IWORD( 1) .EQ. IFHO ) IWORD(I)} =IFHO

TF( IWORD( 1) .EQ.IFHOT ) IWORD(I} =IFHOT

IF( IWORD( 1) .EQ. IFHORT )} IWORD(I) =IFHORT

IF (IWORD{IV.EQ.IFHO )} FHRTT = WORD(I}/RT

IF (IWORD(1).EQO.IFHORT) FHRYT = WORD{I)

IF (INDRD(I).EQ.IFHOT } FHRTT = WORD(I)/R

IF (IWMORD(I).EQ.IFH2 )} FHRYT = (WORD(I} - H298HO) / RY
IF (IWORD{I).EQ.IFH2T ) FHRTT = (WORD(I) - H298HO/TT)/ R
IF (IMORD(T).EQ.IFH2RT) FHRYT = WORD(I) - H298HO/RT
IFIC{IWORDII}.EQ.IFH2) OR. (IWORD{1).EQ.IFH2T) .OR.( INORD(I}.EQ.
1 IFH2RT) ). AND, H298HO.EQ.0.0) TEST{(13} = .TRUE.

IF (IBUT.NE. THHO) GO YO 9048

c
C CHECK FOR ENTROPY FUNCTIONS.

IF (IWORD(I).EQ.IS) SR = WORD(I)/R
IF (INORD{I}.EQ.ISR) SR = WORD(I}
GO TO 480

RECOO095
RECD0096
REC00097
REC0O0098
REC0O0099
RECO0100
RECO0101
REC00102
RECO0103
RECO0104
RECDO105
RECD0106
RECO0107
RECDO108
REC00109
RECO0110
RECOO111
RECOOL12
RECO0113
RECOOL14
RECOO115
RECO0116
RECOO117
RECDOL18
RECOO119
REC00120
RECO0121
RECQ0122
RECO0123
RECDO124
RECD0125
RECO0L26
RECDO127
RECO0128
RECO0129
RECO0130
RECDO131
RECO0132
RECOO133
RECO0134
REC00135
RECOO136
RECOO0137
RECD0138
REC0O0139
RECD0140
RECO0141
RECD0142
RECOO143
RECOO0144
RECD0145
RECO0146
RECOO0147
REC00148
RECOO149
RECDO150
RECDOO151
REC0O0152
REC00153
RECDO154
RECO0155
RECDO156
RECOO157
RECDO158
RECO015%
RECD0160
RECGO161
REC00162
RECO0163
RECO0164
RECDO0165
RECOO0166
RECOO167
RECO0168
RECO0169
RECO0170
RECO0171
RECO0172
RECO0173
RECDO174
RECO0175
RECO0176
RECOO177
RECOO178
RECOO179
RECO0180
RECOO181
RECO0182
RECGO183
RECDO184
REC00185
RECOO186
RECO0187
RECOO188
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9048 IF (IWORD(E).EQ.IS) FHRTT = WORD(I)}/R = HHRY{(NTT}
IF (IWORD(I).EQ.ISR) FHRTT = WORD(I) = HHRT(NTT)

480 CONTINUE
IF (FHRTT.EQ.(~1.0)} GO TO 1100
FHRTINTT) = FHRTT
IF {IOQUT.NE.IHHO) GO TO 9491
IF (SR.EQ.{-1.)) GD 70 11
HHRT{NTT } =SR-FHRTT
iF (ABS{TY-ASINDT} .GT. 0.005) GO TD 9491
SPECH = HHRT(NTT) * RT

RECDO189
RECOO190
RECO0191
RECDO192
RECO0193
REC00194
RECO0195
REC00196
RECO0197
RECDO0198

C TEST(19)}--THERE IS AN ENTHALPY FOR THE ASINDT ON THE FORMULA CARD RECD0199

C STORED IN SPECH.
TEST{19) = .TRUE.

c

c220

[
€ TEST(9)--THERE ARE THERMODYNAMIC FUNCTIONS FOR AT LEAST ONE T.

9491 TEST(9) = .TRUE.
IF (NIT.EQ.NNN) GO TO 94
IFCTINIT=1)LV.PTHELT.AND.TT «GT.PTMELT)

GO TD 9493

REC00200
REC00201
REC00202
REC00203
RECD0204
REC00205
RECD0206
RECD0207
RECD0208

IF(TT  NE.TINIT-1).OR.ABSIHHRTINETI-HHRTINIT-17)2.LT.1.011)6G0 TO 94 RECD0209

9493 NLAST = NIT - 1 RECD0210

CALL DELH RECO0211

NNN = NIT REC0O0212

NLAST = NT REC00213

94 IF (TSTCO) GO TO 5@ RECO0214

NY = NT #+ 1 RECDO215

TINT) = TT REC00216

NTT = NT+1 REC0O0217

NIT = NTT RECDO218

GO To S50 RECB0219

1100 I0DUT = IFHO RECD0O220

60 Yo 11 RECD0221

c RECO0222

€230 PROCESS CODEFFICIENTS RECDO223

c REC00224

€ €230 TO C240-—-STORE CONTENTS OF DATA CARD. RECDO225

€ IF FHRTINTT) IS NOT = -1 (NTT=0,) CALCULATE INTEGRATION CONSTANTS RECDD226

[ FROM THE ENTHALPY AND FREE ENERGY (OR S) WHICH HAVE JUST BEEN READRECD0227
c

3000 IF (FHRT(NTT).EQ.{-1.0)) NTT = O RECO0228

00 200 ID = NWORD+4 REC00229

IF (IWDRD(ID) .EQ. IBLNK) GO TO 200 REC00230

IF (IWORD(ID) .EQ. IT) GO TO 110 RECD0231

NDT = 1 RECD0232

IF (IWORD(ID) LEQ. IPNCH) GO TO 710 RECQ0233

IF (IWORD(ID) .EQ. IHHD1.OR. IWORD(ID} .EQ. IHHD2)GO TO 150 REC00234

IF C(IWORDUID) .EQ. IHH1l .OR. IWORD(ID) .EQ. IHH2C)}GO TO 155 REC00235

IF (IWORD(ID) .EQ. ISC} GD YO 160 REC00236

IF (IWORD(ID) .EQ. ISRCIGO TO 165 RECD0237

IF (IMORD(IO) .EQ. IH ) GO TO 140 RECD0238

IF (IWORD(ID) .EQ. [HR) GO TO 145 REC0O0239

c RECDO240

€ ANALYZE CI (COEFFICIENYS) AND EI (EXPONENTS) LABELS. USE NUMBFR AS REC00241

[ INDEX TO STDRE VALUES IN C AND EX ARRAYS. RECD0242

IWD = JALS(6, IWORDUID)} RECO0243

AN = AND(MASK,IwD} RECDO24&4

IF (NN .EQ. IWD) GO TO 107 RECD0245

NN = TARS (24,.1W0) REC00246

GO TGO 108 REC00247

107 NN = TARS {30,1WD) RECO0248

108 IF (NN .GT. 15) GO TO 1018 REC00249

LABEL = IARS{30, IWORD{(ID}} REC00250

IF (LABEL .EQ. If) GO TO 120 RECOO251

IF {LABEL .EQ0. IC) GO TO 130 REC00252

1018 WRITE (641019) IWORD(ID), WORD{(ID) REC00253

C REC00254

1019 FORMAT {1HO.A6e 39H IS AN INCORRECT LABEL FOR THE NUMBER-- ,E16,8,RECD0255

1 31H. THUS THE VALUE WAS IGNORED. ) RECDD256

LINES = LINES + 3 RECDO257

IF {LINES <.GE. 55) CALL PAGEID (LINES) RECD0258

GO 1O 200 REC00259

c REC00260

C TEST(17)-~PUNCH COEFFICIENTS REC00261

710 TEST(1T) = .TRUE. RECDO262

NOTS = NOTS + 1 RECD0263

IF (WORDUID) .LE. TCINTC)) GO TO 200 RECO0264

NTC = NTC + 1 RECDO265

TCINTC} = WORD(ID) RECO0266

GO 7O 200 RECO0267

c RECD0268

C TJ1 VO TJ2 = TEMPERATURE RANGE FOR WHICH COEFFICIENTS ARE GOOD. REC00269

110 IF ( NDT <EQ. 1} GO TO 114 RECDO270

IF (JT.NE.1) TJI1 = WORDIID) RECOO2TE

IF (JT.EQ.1) V42 = WORD(ID) RECDOO0272

JT = 1 RECO0273

GO YO 200 RECO0274

114 NWORD = ID REC00275

GO0 TO 210 REC00276

120 EX{NN) = WORD(ID) RECOO277

NEX = NEX + 1} RECDO278

GO TO 200 RECD0279

RECD0280

[
C DIVIDE COEFFICIENTS BY R IF NO REDUCE LABEL ON METHOD CARD{TSTRED=F}.RECD0281

130 IF { LNOT.TSTRED} WORD(ID) = WORD(IDI/R

REC00282

323

382

387

390

395

403

408
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36

c

€ TEST{18)--ABSOLUTE VALUES FOR ENTHALPY.

140
145

146
155
150
160
165
200
c
€240

c
210

220

230

240
241
245

o0

248

OO0

300

350

400

450

4
€250
c

C{LEVEL,NN) = WORD(ID}

G0 TD 200

IF (JNOT.TSTRED) WORD(ID) = WORD(ID}/R
TEST(18) = .TRUE.

IF (ASINDT.NE.O.} WRITE (6,146}

FORMAT (4SHOENTHALPY IS ABSOLUTE-—-ASINDT SHOULD = 0.

LINES = LINES + 2

HCOEF = WORD{ID)

GO YO 200

IF (JNOT.TSTRED) WORD{ID) = WORD(ID}/R
GO TO 155

IF (JNOT.TSTRED) WORD{ID) = WORD(ID}/R
SCOEF = WORD{ID}

CONTINUE

GO 70 50

IF{ ,NOT.TSTCO) GO TO 601

NFl = 6

NF2 = 7

NT1 = NT

IF {(ASINDT.EQ.0.}.0R.TEST(19}) GO TO 240

IF (ASINDT.GE.TJL.AND.ASINDT.LE.TJ2) GO TO 230
IF (ABS{ASINDT-298.15).GV.{.01).0R.H298HR.EQ.0D.)
SPECH = H298HR#*R

TEST(19) = .TRUE.

GO TQ 240

NT1l = NT + 1

TINT1) = ASINOT

I = NIT

IF (TEI).LT.T4L OR. TU{I}.GT.TJ2) GO TO 400
CPR(I) = 0.0

HHRIT = 0.0

SR = 0.0

CALCULATE FUNCTIONS FROM EQUATION

00 300 4 = 1, NEX
TEX = 1.0

NTT = T IF AN ENTHALPY AND ENTROPY HAS BEEN READ FOR THE PURPOSE OF
CALCULATING THE INTEGRATION CONSTANTS. IF THESE VALUES HAVE NOT

BEEN READe NTT = 0.
IF (NTT.£0. 0) TT = T(I)
IF (EX{J) .NE. 0.0) TEX = TT **EX(J)

TFEEXEI}EQa(~1.) IHHRTTY = HHRTT + CULEVEL,J)*TT
IF(EXCIINE.(~1.) JHHRTTY = HHRTT + CULEVEL + B} 7 LEX(J)+1.0)2TEX

IF {1 .GT. NT) 60 TO 300
CPR{I} = CPR(Ll) + C(LEVEL,J) * TEX

IF (TEX .EQ. 1.0) SR = C{LEVEL,J) * ALOG(TT ) + SR
IF {(TEX oNE. 1.0) SR = SR + CULEVEL,J)/EX(J) * TEX

CONTINUE

IF(NTT.EQ.0) GO TO 350

HCOEF = (HHRTI(NTT) - HHRTT) *TT
SCOEF = FHRTINTT) - SR + HHRTINTT)
NTT = O

GO TO 245

IF (I .GT. NTY GO TO 450

HHRTUI) = HHRYT + HCOEF/T(I)}
FHRTC(I) = SR + SCOEF - HHRTLI)

IF (I.LELNT) NIT = I+l

IF (I .EQ. NT1) GO TO 490
I=1+1

GO TD 241

SPECH = (HHRTT ® ASINDT & HCOEF) * R
TEST(19) = .TRUE.

C LEVEL = INDEX FOR TEMPERATURE INTERVALS.

490

214
216
500

600
601

C(LEVEL.NF1) = HCOEF
C{LEVEL,NF2) = SCOEF

NOTS = NOTS - 2

IF ({NOTS.LE.O0}.OR.LEVEL.EQ.(NTC~1)) GO TD 500
DO 216 K = 1, NOTS

LEVEL = LEVEL + 1

IF (TJ2.LE.TCILEVEL)) GO TO 216
DO 214 NN = 1,

CILEVELVNN) = CLLEVEL=1,NN)

IF (TJ1.GE.TC{LEVEL)) CILEVEL=1,NN} = O
CONTINUE

CONTINUE

IF (ICARD .NE. NSUB) GO TO 600
NDOT = O

JT = 0

LEVEL = LEVEL +1

NEX = O

NOTS = O

GO TG 3000

TEST{9) = .TRUE.

RETURN

END

REC00283
RECO0284
REC0028%
REC00286
RECD0287
RECD0288
RECD0289
RECD0290
REC0O0291
REC00292
REC0O0293
RECD0294
RECO0295
REC00296
REC00297
REC00298
RECD0299
RECO0300
REC00301
REC00302
RECD0303
RECD0304
RECD030S%
REC00306
REC00307
RECD0308
REC00309
RECDO310
REC00311
RECO0312
RECDO313
RECO0314
REC00315
REC00316
RECO0317
RECOO318
RECOO319
RECO0320
RECD0321
RECD0322
RECDO323
RECD0324
RECDO325
RECDD326
RECD0327
RECD0328
REC00329
RECD0330
RECD0331
RECO0332
REC00333
RECD0334
RECD0335
RECD0336
RECD0337
REC0D0338
RECD0339
REC00340
REC00341
RECO0 342
RECO0343
RECO0344
RECO0345
RECD0346
RECO0347
RECD0348
RECD0350
REC0O0351
RECO0352
REC00353
RECD0354
RECO0355
REC00356
RECO0357
RECD0358
RECDO359
RECDO360
RECDO361
REC00362
RECD0363
REC00364
RECD0365
REC00366
RECD0367
RECD0368
RECD0369
RECDO0370
REC00371
REC00372
REC00373
RECO0374
RECDO375
RECO0376
RECD0377
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SUBROUTINE ATOM

COMMON NAME(2) ¢ SYMBOL (T0) oA TMHT{70) +RsHCKELECTR, ICARD»IKORD(5) ,

ATOMOOO0L
ATOMO002
ATOM0003

1 WORD(4) s TEST{20) s WE IGHT ,FORMLA(5) JMLA{S) s BLANK,ELEMNT{TO), ATOMOCOS
2 NATOMsNT 4CPR{202),HHRT( 2021 yASINDH,T{202) 4 ASINDT,FHRT (202}, ATOMOOOS
3 SCONST 4NOATMSy MPLACE (70} ,LPLACE(70) yNMLA(T70) 4NDFILE, ATOM0006
4 SPECHyTAPE(20243)¢PTMELT,PEX( L0}  TRANGE{L20} 4 TCONST NKIND, ATOMOOO7
5 NF.LINESs ITR,NTMP,AG(TO),6G(70),NIT,PT ,H298HR, IHEAT,JF{5) ATOMOOOS
c AT0OMO009
C260 ATOMOOL10
c ATOMOOL11
DIMENSTION AJ{400),ANU(400),G(400) ¢NN{40O) , TEMPJ {4} TEMPNU{4) ATOM0012
OIMENSION 0(203), TOQDT(203), XTDQDT(203) ATDMO0013
DATA NTEMPR/6HTEMPER/WNFIX /6HFIXEDN/+ (FILL/4HFILL/ ¢ NON/3HNON/ATOMO014
DATA IBLANK/1IH /.IP/2HIP/,LG/6HGLABEL/ ATOMO040
LOGICAL TEST.TSTFIL,GLABEL ATOMO015
LINES = LINES + 2 ATOMCO18
[
€ INITIALIZE TD NO CUT-OFF AND NO FILL
KUTOFF = NON ATOMOO19
TSTFIL = .FALSE. ATOM0020
GLABEL = .FALSE.
c
C CHECK FOR FILL AND CUTOFF(KUTOFF) ON METHOD CARD.
DO 7 I=1.4 ATONMOO21
IF(IWORD(I}.EQ. IFILLITSTFIL = .TRUE. ATOM0022
IF (IWORD(I).EQ.LG} GLABEL=.TRUE.
IF{ IWORD{ I} .EQ.NTEMPR) KUTOFF = NTEMPR ATOM0023
IFCINORD(E) LNELNFIX) GO TO 7 ATOMO024
NFIXED = WORD(I) ATOM0025
KUTOFF = NFIX ATOM0026
7 CONTINUE ATOM0027
K=0 ATOM0D28
ALNWT=ALOG(WE IGHT)*1.5 ATOMO029
NFIRST = 0 ATOM0030
c ATDOMO0031
€270 ATOMO0032
c ATOMO0033
c
€ CALL INPUT TOD READ AND LEST A DATA CARD.
10 CALL INPUT{LINES)
IF (NFIRST.NE.O) GO TO 12 ATOM0036
NSUB = ICARD ATOMO0037
NFIRST = 1 ATOMOO38
12 IF (ICARD.NE.NSUB) GO TO 50 ATOMO039
DO 40 I=1,4 ATOMO041
IFUINORDI ) NE.TP) GO TD 13 ATOMOO42
P1 = WORD(I) ATOMO043
GO YO 40 ATONOO44
13 IF (IWORD(I).EQ.IBLANK) GO TOD 40 ATOMOO4S
K = Ked ATOMO046
NN(K) = IWORD(5) ATOMO047
IF (NN(K}.EQ.0 .AND. KUTOFF.NE.NON} GO YO 30 ATOMO048
c
C J VALUES ARE READ WITH ALPHANUMERIC FORMAT. CHANGE TO NUMBER AND
c STORE IN AJ ARRAY.
HALF = 0O, ATOMO049
ISFT = 0 ATOMO050
D0 14 MLK = 1,6 ATOM0051
LOOK = IARS (30, IWORD(I))} ATOMO0052
IF (HALF.EQ.(.5)) GO TO 16 ATOMO0053
IWORD(T} = IALS(6, INORD(I}) ATOMOOS4
IF (LOOK.EQ. 27} HALF = .5 ATOMOOS5S
IF (LOOK.LT.10) ESFT = JSFTY#10+L0O0OK ATOMO056
14 CONTINUE ATOMOOS7
16 AJI(K} = ISFT ATOMO058
IF (LOOK .EQ. 5) AJIK) = AJEK) + HALF ATOMOO59
iF (GLABELJIAJI(K)} = (AJ(K)~1.)/2.
G(K) = 2.%AJ(K) + 1, ATOMO060
ANU(K} = WORD(I) ATOMO061
IF ((WORD(I).EQ.0.) . AND.{K.GT<1)}ANU(K) = ANU{K=-1} ATOMO0062
GO TO 40 ATOM0063
30 WRITE{6431)IWORD{I)NNIK) ATOMOO64
31 FORMAT(19HOERROR IN DATA--J = ,A6,6Xs THLEVEL =,1I3 ) ATOMD06S
LINES = LINES+2 ATOM0066
40 CONTINUE ATOMO067
GO T0 10 ATOMO068
50 KLAST = K ATOM0069
4 ATOM00TO
c280 ATOMOOT1
C SORT ENERGY LEVELS IN ENCREASING NUMERICAL OROFR.
75 J=1 ATOMOO74
76 H=J ATaMOO7S
7T DO 79 I=J;XLAST ATOMOOT6
IF{ANU{M)-ANU(I))T9,79,78 ATOMO077
78 M=I ATOMOO78
79 CONTINUE ATOMO079
1F(M-J) 80,81,80 ATOM0080
80 TEMPY=ANU(M} ATOMOOS1
ANU(M )} =ANULJ ) ATOMO082
ANUCLJ }=TEMPY ATOM0083
TEMPY=G(M} ATOMOOB4
GIM)=G(JS) ATOMOO8S

26
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ATOMO0086

GlJII=TEMPY
KTEMPY=NN{M} ATOMOO8T
NN(M)=NN{J) ATOMO08S
NN{J )=KTEMPY ATOMOO089
TEMPY = AJ(M) ATOMO0090
AJ(M) = AJC(JS ATOMO0091
AJUJY = TEMPY ATOM0092
81 J=J+¢1 ATOM0093
IF (KLAST-J) 82.,82,76 ATOMOO94
82 CONTINUE ATOM0095
NN{KLAST+1) = 0O ATOM0096
AJI(KLAST+1) = 0.0 ATOMO097
GIKLAST+1) = 0.0 ATOM0098
ANUIKLAST+1) = 0.0 ATOM0099
IF (.NOT.TEST(14)} GO TO 1087
WRITE ( 6,1082) ATONO100
1082 FORMAT (1HO¢4Xy 1HNe6Xy1HS s TXs LHGs SXo L3HENERGY LEVEL 412Xy 1HN,6Xs1ATOMO101
1HJS o TX+ 1HGy 5X¢ 13HENERGY LEVEL ) ATOMO0102
LINES = LINES + 2 ATOM0103
DO 1085 I = 1, KLAST 4 2 ATOMOIO4
INN =1 + 1 ATOMO105
WRITE (641083 )(NNCINIJAJCIND,G(LN}+ANU(IN)s IN = I,INN) ATOMO106
1083 FORMAT (2(16, FB.1,F8.1,F14.3, 10X)) ATOMO107
LINES = LINES ¢ 1 ATOMO108
1085 IF (LINES.GE.55) CALL PAGEID(LINES) ATOMO109
1087 IF{KUTOFF.NE.NFIX) GO TO 100 ATOMOL110
IF(NFIXED.GE.NN(1))} G0 TO 100 ATOMO111
WRITE(6,99)NNL1) ATOMO112
99 FORMAT(STHOSINCE FIXEDN IS LESS THAN FIRST Ny FIXEDN IS SET EQUAL ATDOMO113
1 «13.5H €280} ATOMOL14
NFIXED = NN(1) ATOMO11S5
LINES = LINES+2 ATOMO116
100 IF (.NOT.TSTFIL) GO TO 160 ATOMO125
c ATOMO117
c290 ATDMO118
C ROUTINE FOR ASSIGNING TO LAST LEVEL OF EACH PRINCIPLE QUANTUM NUMBER,ATOMO119
C PQON, THAT WEIGHT WHICH GIVES PQN THE TOTAL SUM OF 2J+1, OBTAINED FROMATOM0120
C THE FORMULA A®NEN, ( IGNORES PQN*S LOWER THAN GROUND STATE, AND, WHEN ATOMO121
C NECESSARY, USES SPECIAL NUMBER FOR SUM OF 2J+1 FOR PQON OF GROUND ATOMOr22
C STATE. ATOMO123
c ATOMO124
INDX = JF(1}
1102 WRITE (6,101) ATOMO129
101 FORMAT (TXy1HB, 9Xs 1HNy3Xy15HPRED. SUM(2J41)¢3X.14HACT, SUM(2J+1), ATOMO130
13X, 4HDIFF ¢ 5Xs 9HMAX LEVEL¢3Xo16H2J+1, MAX LEVEL ) ATOMO131
LINES = LINES + 1 ATOMO132
IF (LINES .GE.55) CALL PAGEID (LINES) ATOMO133
K =1 ATOMO134
NN1 = NN(1)° ATONO135
102 KUREN = NNIK) ATOMO136
SuUM = 0.0 ATOMO137
L=1 ATOMO138
DO 150 J=K,KLAST ATOMO139
IF (NN{J).LT.O0) GO TO 150 ATOMO140
IF (NN(J) - KUREN) 110,105,110 ATOMO141
105 SUM = SUM+GlJ} ATOMO0142
M= ATOMO143
NN(J) = =NNUJ) ATOMO 144
IF (J.NE.KLAST} GO TO 150 ATOMO145
GO 7O 115 ATOMO146
110 IF (L .NE. 1) GO 7O 114 ATDMO147
L =0 ATOMO148
K=J ATOMO149
114 IF (J .NE. KLAST) GO YO 150 ATOMO0150
115 IF [KUREN.EQ.NN 1 } GO TO 120 ATOMOL51
TEMPY = KUREN®*KUREN ATOMO152
FORM = AGUINDX)}*TEMPY ATOMO153
GO 7O 125 ATOMO154
120 FORM = GGI INDX}) ATOMOLS5S
125 DIFF = FORM ~SUM ATOMO156
IF(KUREN.LT.NN1) DIFF = 0.0 ATOMO157
NNM = —NN(M) ATOMO158
IF (DIFF.GT.0.0) GIM) = G(M)+DIFF ATDOMO159
WRITE {6,132)AGIINDX) +NNM LFORM ,SUM,DIFF,ANUIH) ,G(M) ATOMO160
132 FORMAT (F9.1+19 LF13.,1,F17.1,F12.1,F14.4,F9.1} ATOMO161
LINES = LINES + 1 ATOMO162
IF (LINES .GE.55) CALL PAGEID {LINES) ATOMO163
IF (L .NE. 1) 60 TD 102 ATOMOL64
GO 7O 160 ATOMO165
150 CONTINUE ATOMOL166
[ ATOMOL167
c300 ATOMO0168
Cc ATOMO171
160 IF (ASINDT.NE.0.0) GO TO 162 ATOMOL72
NT1 = NT ATOMO173
GO TO 200 ATOMOL74
162 NT1 = NT+l ATOMO175
T(NTL] = ASINOT ATDMO176
[
C M = INDEX FOR T. K = INDEX FOR ELECTRONIC LEVELS.
200 DO 300 M=NIT.NT1 ATOMOL77
2051 =0 ATDOMO178
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c
c
c

[
=
[
c

ann

Jg =1 ATOMOLT9

CALCULATE THE PARTITION FUNCTION AND DERIVATIVES FOR EACH ELECTRONIC
LEVEL AND TEMPERATURE.
DD 206 K=1,KLAST ATOMO180
210 X=(HCK/T(M) J*ANUIK} ATOMO181
211 IF(X-85.) 214,212,212 ATOMO182
212 IF (.NDT.TEST(14)) GO TO 260
WRITE (6,213} ATOMO183
213 FORMAT(SOHJINOT ALL LEVELS WERE USED. X IS GREATER THEN 85. 1ATOMO184
LINES = LINES + ) ATOMO185
IF {LINES .GE.S55) CALL PAGEID (LINES) ATOMO186
GD TO 260 ATOMO187
214 IF(KUTOFF.NE.NTEMPR) GO TO 219 ATOMO188
IF(PI.NE.O. ) GO TO 215 ATOMOL189
WRITE(6,41215}) ATOMO0190
1215 FORMAT(33H0 IONIZATION POTENTIAL IS MISSING) ATOMO191
RETURN ATOMO192
215 THERM= PI-T(M}/HCK ATOMO193
216 IF(ANU(K) — THERM) 240,240,217 ATOMO194
217 IF { NOT.TESTC141) GO TO 260
WRITE(6, 218 )THERM ATOMO195
218 FORMAT(S5BHJSALL LEVELS HAVE BEEN USED TO THE THERMAL BINDING ENERGYATOMO196
1 F12.3) ATOMO0197
LINES = LINES + 1 ATOMO198
IF (LINES .GE.55) CALL PAGEID (LINES} ATOMO199
GO0 TO 260 ATOMO0200
219 IF(KUTOFF.NE.NFIX) GO TO 240 ATOM0201
220 IFUTABSINNIK)).LE.NFIXED) GO TOD 240 ATOMO202
221 Jo =0 ATOMO203
6D TO 206 ATOM0204
240 1 =1 + 1 ATOMD205
GLII=GIK)*EXPI-1.%X) ATOM0206
TDODTE 1) =Q( 1) %X Alunuzo?
XTOODT(I)=TDQDT(I}%X ATOMO0208
245 IF(QUY1-0.1E-9)246+246,206 ATOM0209
246 IF(X-2.0) 206,206,247 ATOMO210
247 IF(XTDQADT(I)}-0.1E~9)248,248,206 ATOMOZ211
248 IF (.NDT.TEST(14)) GD TO 260
WRITE(6,249) ATOMO212
249 FORMAT [72HJNOT ALL ASSIGNED LEVELS WERE USED, Q AND DERIVATIVES AATOMO213
1RE YOG SMALL ) ATONO214
LINES = LINES + 1 ATOMO215
IF (LINES .GE.55) CALL PAGEID (LINES) ATOMO216
60 TO 260 ATOMO217
206 CONTINUE ATOMO218
1260 IF (.NOT.TEST{14)) GO TO 260
IF (JJ.EQ.0) WRITE (6,222) NFIXED ATOMO219
222 FORMAT{(28HJALL LEVELS USED THROUGH N = I5) ATOM0220
IF (JJ.NE.O) WRITE (6,1262) ATOM0221
1262 FORMAT (S50HJALL ASSIGNED LEVELS HAVE BEEN USED YATOMO222
LINES = LINES + 1 ATOMO0223
IF (LINES .GE.55) CALL PAGEID (LINES! ATOM0224
ATOMO225
310 ATOMO226
CALCULATE TOTAL Q, DERIVATIVES, AND THERMODYNAMIC FUNCTIONS FOR T.
ATOMO227
260 QSUM=0,0 ATOMO228
TDODTS=0.0 ATOM0229
XTDODS=0.0 ATOM0230
J=1 ATOMO0231
D0 261 El=1.4 ATOMO232
QSUM=0SUM+Q(I} ATOM0233
TDODTS= TDODTS+TOQDY(I} ATOMO234
XTDODS= XTDQDS+XTDADTLI) ATOM0235
261 I=I-1 ATOMO236
262 IF (TDQDTS ~ 0.1 E-9) 263,264,264 ATOMO237
263 TMP = 0.0 ATOMO238
GO TO 265 ATOM0239
264 TMP=TDQDTS/QSUM ATOMO0O240
265 HHRT(M)=THP+2.5 ATOMO241
IF(M LGT.NT} GO YO 301 ATOM0242
CPR{M)=2,5¢+XTDQDS/QSUM - TNPETMP ATOMO 243
FHRT{M)= ALOG(QSUM)#2.5%ALOGIT{M) ) +ALNNT +SCONST ATOMO 244
IF (.NOT.TEST(14)} GO TO 300
WRITE (6452700 T{M},CPR(M} HHRT (M), FHRT (M} ATOMO0245
270 FORMAY (1XelHT¢F11.296Xs4HCP/RsF12.696XoBHH-HO/RT,F11.6,6X48HF-HOZ/ATOMO245
1RT.F12.6) ATOMO247
LINES = LINES + 1 ATOMO 248
IF (LINES .GE.S55) CALL PAGEID (LINES) ATOMO249
WRITE (64271) X,QSUM,TDODTS,XTDQDS ATOMO250
271 FORMAT (1Xy1HXFL2.T7+6X e 4HQASUMF12.7+6XsIHTI(DQ/DT)IS,FL13.7,6Xs LOHXTATONO251
1(D0/DTIS,F13.7) ATOM0252
LINES = LINES + 1 ATOMO253
IF (LINES .GE.S55) CALL PAGEID (LINES) ATOM0254
300 CONTINUE ATOMO255
GO TO 302 ATOMO256
301 SPECH = HHRT(NT1)*R*ASINDT ATOM0257
TEST(19)-— ENTHALPY HAS BEEN CALCILATED FOR T ON FORMULA CARD.
TEST(9)--FUNCT IONS HAVE BEEN CALCULATED.
TEST(19) = .TRUE.
302 TEST(9) = ,TRUE. ATOMO258
RETURN ATOM0259
END ATOM0260
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SUBROUTINE POLY POLYOOOL

C IF TEST IS TRUE-- POLY0002

[ TESTW(1) MOLECULE IS NON-LINEAR POLY0003

[ TESTW(2) RIGID ROTATOR-HARMONIC OSCILLATOR APPROXIMATION POLY0004

[ TESTW(3) SECOND ORDER CORRECTIONS ARE CALLED FOR POL Y0005

Cc TESTW(4&) PENNINGTON AND KOBE APPROXIMATION POLYO006

[ TESTW(S5) JANAF METHOD FOR DIATOMIC MOLECULES POLY0007
C TESTWI6) SPECIES HAS EXCITED ELECTRONIC STATES

COMMON NAME(2) ,SYMBOL{70) \ATMWT(70) ,E.HCK,ELECTR,ICARD,IWORD(5)y POLYO00S

1 WORD(&)+ TEST{20) yWEIGHT »FORMLA(5) sMLA(5) s ANY,ELEMNT (70}, POLY0009

2 NATOM(NT,CPR(202) HHRT{ 202} s ASINDH, T (202) ,ASINDT,FHRT(202),P0OLYO010

3 SCONST,NOATMS yMPLACE(T0)+LPLACE(70) 4NMLA(TO),NDFILE, POLYOOL1

L) SPECH, TAPE(202,3) ,PTMELTsPEX(10) , TRANGE(10) ,TCONST(NKIND, POLYOO12

5 NF.LINES,ITR,NTMP,AGITO}GG(T0) +NIT,PI +H298HR 4 IHEAT,J5(5) POLYOO013

COMMON /WCOMMN/ V{20),DNL20) ¢ND(20) +X{64+6) +Y{6+60.6)sNNU,ALFA(6), POLYOOL4

1 ALFB(6),s ALFC(6)s G(61¢ WX(6)o BETA(6)y Ay By Cy RH, Dy, WF, W, POLYO015

2 SYM, STWT, TOO, THETA(S),TESTW{6)R(20,3},5(20,3),QL(3),0,QLN,DQ,POLYOOL6

3 0DDO,LABEL,OTOT,QLNTOT,DQTOT,00QTOT,CORTAISL6+6),AIIT,AIL6]) »NSUBPOLYO0017

c POLYOOLE

€320 POLY 0019

[ POLY0020

DIMENSION IE(5), RE(6) POLYO0O021

LOGICAL TESTW, TEST POLY 0022

EQUIVALENCE (IND,HWD) POLY0023

DATA IRRHO/4HRRHD/ 4 JANAF FSHIANAF/ o NRRHO2/6HNRRAD2/ POLY(0024

DATA IPK/SHPANDK/, BCONV/2.79888987, BLANK/1H /,NRRAOL/6HNRRAOL/POLY0025

Cc POLY 0026

C INITIALIZE FOR EACH SET OF METHOD AND DATA CARDS. POLYO027

D0 10 I = NIT.NT POLY0028

CPR(I}) = 0.0 POLYO0D29

HHRT(I) = 0.0 POLY0030

10 FHRT(I} = 0.0 POLYO031

HHRTINT + 1) = 0.0 POLY 0032

FHRTI(NY + 1) = 0.0 PDOLY0033

SYM = 1.0 POLYO0O034

DO 1005 I = 2,6 POLYOQO035

1005 TESTW(I) = .FALSE. POLY0036

C POLYO0037

C CHECK METHOD POLY0038

DO 800 I = 1,4 POLY0039

IF (IWORD{I) .EQ. IRRHO} G0 To 12 POLYO040

IF  (IWORD(I) .EQ. NRRHD2) G0 70 13 POLYO0041

IF  (IWORD(I) .EQ. IPK) GO TO 14 POLY 0042

IF (IWORD{I} .EQ. JANAF} 60 70 15 POLY D043

IF {IWORD(I).EQ.NRRADL) GO TO 21 POLY 0044

.800 CONTINUE POLY 0045

WRITE (6419) POLY0046

19 FORMAT(SOHOMETHOD CODE WAS NOT RECOGNIZED, USED NRRAOLl, C320 }  POLYOO4A7

12 TESTHW(2) = .TRUE. POLY0048

GO 1o 21 POLY0049

13 TESTW(3) = .TRUE. POLY0050

G0 TO 21 POLYQO051

14 TESTH{4) = .TRUE. POLY0052

60 TO 21 POLY0053

15 TESTW(S5) = ,TRUE. POLYO0054

IF {(NOATMS.GT.2) TESTW(2) = .TRUE. POLY0055

21 WRITE {6,22IWEIGHT POLYO056

22 FORMAT (15HOMOLECULAR WT.=F10.5) POLYDOS57

NFIRST = O POLYQ058

LINES = LINES + 4 POLY 0059

c POLY 0060

Cc330 POLY 0061

€ CALL INPUT TO READ AND PRINT CONTENTS OF INPUT CARD. POLY(0062

c POLY0063

28 CALL INPUT(LINES) POLY 0064

IF (NFIRST .NE. 0) GO TO 1010 POLYO0065

C POLY0066

€ INITIALIZE FOR FIRST CARD ONLY,. POLY0067

NFIRST = 1 POLY0068

NSuU8 = ICARD POLY0069

c POLY0070

C INITIALIZE FOR EACH ELECTRONIC LEVEL. POLYOO71

1001 STHT = 1.0 POLY 0072

100=0.0 POLYOOT3

A=0.0 POLYOO0T74

B=0.0 POLYOO07S

C=0.0 POLYOOT6

RH=0.0 POLYOOT7

0=0.0 POLYOO78

WF=0.0 POLYOOT9

W=0.0 POLY0080

THETA(3) = 0.0 POLY0081

Alll= 0.0 POLYQ082

DO 1002 1I=1,6 POLYO0083
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ALFA(11=0.0 POLY0084
ALFB(I)=0.0 POLYO008S
ALFC{1)=0.0 POLY0086
RI(E) = 0.0 POLY0087
G(1)=0.0 POLY0088
WX(1)=0.0 POLY0089
BETA{1}=0.0 POLY0090
D0 1002 J=1,6 POLY0091
X(1,41%0.0 POLY0092
ALJ(I,J) = 0.0 POLY0093

1002 CONTINUE POLYO094
DO 1003 I=1,20 POL Y0095
V(I}1=0.0 POLY0096
NDEI) = 1 POLY0097

1003 DN(I) = 1.0 POLY0098
DO 1004 I=1.4 POLY0099
DO 1004 J=l.4 POLY0100
DD 1004 K=1,4 POLYO0101

10064 Y{I,J.K}=0.0 POLYO102
LEVEL = IWORD(S}) POLY0103

c POLY0104

C ASSUME LINEAR MOLECULE WITH 3N-5 FREQS. IF THERE IS AN A OR IA POLY0105

c IN THE INPUT CHANGE TO 3N-6-~SEE C350. POLY0106
NV = 3SNOATMS - 5 POLYO0107
TESTM(1) = .FALSE. POLYO108
G0 TO 1015 POLYO109

c POLYO110

C IF CARD COLUMNS 1-6 OR 79-80 ARE DIFFERENT FROM PREVIOUS CARD, GO POLYO111

c © TO 1051 (C380). POLYO112

1010 IF{ICARD.NE.NSUB .OR. LEVEL .NE. IWORD(5)) GO TO 1051 POLYO113

c POLYO114

C340 POILYOL1S

c POLYOL16

C SOME LABELS FOR DIATOMICS CHECKED AND VALUES STORED IN SECTION C370. POLYOl4l
DATA TL/2ZHTO/, SYMND/SHSYMNO/, STATWT/6HSTATWT/, IV/6HODOOOV/, POLYOLL7

1 NX/6H00000X/, NY/6HOO000Y/, AL/2HAO/, BL/2HBO/, CL/ZHCO/, POLYO118
2 IA/2HIA/, IB/2HIB/s RHO/3HRHO/.1G/6H00000G/, [ALPHA/6HOALPHA/,  POLYOL19
3 WE/2HWE/ o WEXE/4HWEXE/, WEYE/4HWEYE/, WEZE/4HWEZE/, DE/2HDE/, POLY0120
4 TALFAB/GHOALFAB/, W1/2HWO/, T2/2HTO/, A2/2HAO/, 82/2HBO/, POLYO121
S C2/2HCO/, D1/2HDO/, D111/4HDOO00/, D2/2HDO/, D222/4HDDOD/. POLYO122
6 WXL/3HWX1/, WX2/3HWX2/+ WX3/3HWX3/, WX&/3HWX&/, BETAL/SHBETAL1/, POLYOL23
7 BETA2/SHBETA2/, BETA3/SHBETA3/, W2/2HWO/, BE/2HBE/,I1C/2HIC/, POLYO124
8 TALFAA/GHOALFAA/, TALFAC/6HOALFAC/,NALJ/Z6HO0000A/ POLYO125

c POLYO126

C IN DD LOOP THRU 1050 (C370) CHECK EACH LABEL ON DATA CARD AND STORE DPOLYO127

c ATA. POLYOL28

1015 DO 1050 ID = 1,4 POLYO0129
IMD = IWORD(ID) POLY0130
IF (WD .EO. BLANK) GO TD 1050 POLYO131
{F (WD .EQ. Tl .OR. WD .EQ. T2} GO TO 100 POLYO132
IF (WD .EQ. STATWT) GO TD 102 POLYO133
IF (WD .EQ. SYMNO) GO TD 104 POLYOL34
IF (WD .EO. B1 .OR. WD .EQ. B2 .OR. WD .EQ. BE) GO TO 106 POLYOL13S
IF (IWORD(ID) .EQ. IB) GO TO 108 POLYO136
ISHFT1 = ITARS(6,IWORD(ID)) POLYO137 137
IF (ISHFT1.EQ.TALPHA .OR. ISHFTL.EQ.IALFAB .OR. ISHFT1.EQ.IALFAA POLYO138

1 .OR. ISHFT1.EQ.IALFAC) GO TD 1030 POLYOL39

c POL Y0140
IF (NDATMS .EQ. 2} GO TO 1045 POLY 0142
IF (WD .EQ. RHOJ GO TO 110 POLYO143
IF (WD .EO. D1 .OR. WD .EQ. D111) GO To 112 POLYO144
IF (WD .EQ. D2 .OR. WD .EO0. D222) GO TO 112 POLYO145
IF (IWORD(ID) .EQ. IA) GO TO 1020 POLYOL46
IF (IWORD(ID} .EQ. IC) GO TO 114 POLYOL4T
IF (WD .EQ. Al .OR. WD .EQ. A2) GO TO 1023 POLYO148
IF (WD .EQ. Cl .OR. WD .EQ. C2) GO TO 116 POLYO149
IF (WD .EQ. Wl .OR. WD .EQ. W2) GO TO 118 POLYO150
ISHFTS = IARS (30, IWORD{ID)) POLYO151 172
IF (ISHFTS .EQ. IV) GO TO 1033 POLYO152
IF (ISHFTS .EO. NX .OR. ISHFTS.EQ.NAIJ) GO TO 1040 POLYO153
IF (ISHFTS .EQ. NY) GO TO 1044 POLYO154
1f (ISHFTS .E0. IG) GO TO 1025 POLYOL55

1018 WRITE (6,1019) IWORD(ID), WORD(ID) POLYOL56 186

1019 FORMAT (1HO,A6, 39H IS AN INCORRECT LABEL FOR THE NUMBER-- ,E16.8,POLYO1S7

1 36H. THUS THE VALUE WAS IGNORED, C340 POLYO158
LINES = LINES + 3 POLYO159
IF (LINES .GE. 55) CALL PAGEID (LINES) POLYO0160 191
GD TO 1050 POLYO161

c POLYO0162

c350 POLYOL63

c POLYO0164

100 TOO = WORD(ID) POLY0165

GO TO 1050 POLYO166
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102
104
106
108
110
112
114
116
118
C IF
1020
1021
1023
1025

1030

c
C360

C STORE

Cc
1033

1034

1035
1036

1038

STWT = WORDIID)

GO YO 1050

SYM = WORD(ID)

GO T0O 1050

8 = WORD(ID)

60 TO 1050

B = BCONV/WORD(ID)
GO TO 1050

RH = WORD(ID)

GO TO 1050

D = WORD{ D)

GO TO 1050

C = BCONV/WORD(ID)
GO 7O 1050

C = WORD(ID)

GO TO 1050

WE = WORDIID)

G0 TO 1050

fA OR A LABELs NON-LINEAR MOLECWLE.
A = BCONV/WORD(ID)
TESTW(1) = .TRUE.

NV = 3#NOATHS - 6

GO T0 1050

A = WORD(ID)

GO TO 1021

IWD = IALS(12, IWORDI{ID})
IWD = TARS(30, [WD)
G{IWD) = WORD(ID}

GO TO 1050

IBACK1 = IALS{6, ISHFT1)
I = IMORDIID) - IBACK1

IF (I .GT. 10) I =1

IF (ISHFT1.EQ.TALPHA .OR. ISHFTL .EQ.IALFAB} ALFB(I} = WORD(ID}

IF (ISHFT1.EQ.IALFAA) ALFA(I} = WORD(ID)
IF (ISHFT1.EQO.IALFAC) ALFC(I) = WORD(ID)
60 TO 1050

J =1

00 1034 I = 1.5

IND = IALS (641WD)

1E(J) = TARS{30,IWD)

IF (IE(J) .EQ. 48) GO TO 1034
Jd=J + 1

CONTINUE

=1

KV = [E(1)

I=1+1

IF (IE(1) .GE. 10) GO TO 1035
KV = 10 * KV + IE(I)

IF{KV .GT. NV) GO TO 1038
VIKV) = WORDIID)

IT=14+1

IF (I .6T. J) GO TO 1050

IF (IE(I) .GE. 10) GO TO 1036
DN(KV) = IE(T)

ND(KV) = IE(I)

GO TO 1050

WRITE (6+,1019) IWDRD{ID). WORD{ID)
TEST{16) = .TRUE.

RETURN

[of
C STORE X1J ACCORDING TO LABEL

1040

c

IND = IALS (64 INORDIID))

IX = JARS (30, 1wD)

IWD = JALS (6.1IWD)

JX = TARS(30,IWD)

IFCISHFTS5.EQ.NX) X{IX,JX) = WORD(ID}

IF{ ISHFTS.EQ.NATJ) ATJI(IX,IX) = WORD(ID)
GO TO 1050

C STORE YIJK ACCORDING TO LABEL.

1044

IWD = IALS (6.IWORD(ID))
TY = IARS (30,1IwD)}

IND = TALS (6.1WD)

JY = TARS (30, 1IWD)

TWD = IALS (6,1IWD}

KY = TARS (30, 1WD)
YUIYJYKY) = WORD(ID)
GO YO0 1050

FREQUENCY AND DEGENERACY ACCORDING TO LABEL.

POLYO167
POLYO168
POLYO169
POLYOL1T0
POLYOLT71
POLYOLT2
POLYO173
POLYOLTS
POLYOL75
POLYOL176
POLYOLTT
POLYOLTS
POLYOLT79
POLYOL180
POLYO181
POLYO182
POLYO0183
POLY (0184
POLYO18S
POLYOL186
POLYOL187
POLYO188
POLYOL89
POLY 0190
POLYO191
POLYO192
POLYO193
POLYOL94
POLYO0195
POLYO196
POLYO197
POLYOL198
POLYO199
POLY0200
POLYO0201
POLY 0202
POLY 0203
POLYO0204
POLYO0205
POLY0206
POLYO0207
POLYO0208
POLY 0209
POLYO210
POLYO211
POLYO0212
POLYO213
POLYO214
POLYOQ215
POLYO0216
POLYO217
POLYO218
POLYO219
POLY0220
pOLY0221
POLY0222
POLYO0223
POLY0224
POLY 0225
POLY0226
POLY0227
POLY0228
POLY0229
POLY 0230
POLY0231
POLYO232
POLYO0233
POLYO0234
POLYO0235
POLY0236
POLY 0237
POLYO0238
POLY0239
POLY0240
POLYO0241
POLYOD242
POLY0243
POLY 0244
POLYQ245
POLYO0246
POLYO0247
POLY 0248
POLY 0249

233
235

241

264
266

303

308
310
312
314

327
329
331
333
335
337



c
c370

C SOME INPUT FOR DIATOMIC MOLECULES.
c

1045

300
301
302
303
304
305
306
307
308
1050

[
C DATA FOR CARD HAS BEEN STORED. GO TO 28 (C330) TO READ NEXT CARD.

[
c3so
Cc

C DATA FOR FELECTRONIC LEVEL HAS BEEN STORED—--CALCULATE SOME VARIABLES

[
1051

c

IFIMD .EO. WE) GO TO 300

IF(WD .EQ. WEXE .OR., WD .£Q. WX1) GO TO 301
IF(WD .EQ. WEYE .OR. WD .EQ. WX2)} GO YO 302
IF(WD .EQ. WEZE .OR., WD .EO., WX3) GO TO 303
IF(WD .EQ. WX4) GO TO 304

IF( WD .FQ. BETAl) GO TO 305

IF{ WO .EQ. BETA2) GO TO 306

IF( WD .EQ. BETA3) GO TO 307

IF( WD .EQ. DE) GO TO 308

GO TO 1018

W = WORD(ID)

GO 10 10%0

WX(1) = WORD(ID)

G0 70 1050

WX{2) = WORD(ID)

GO 70 1050

WX(3) = WORD(ID)

GO 70 1050

WX{4) = WOROD(ID)

GO 10 1050

BETA{1) = WORD(ID)
GO 7O 1050

BETA{2) = WORD(ID)
GO 10 1050

BETA(3) = WORD(ID}
GO TO 1050

D = WORDI{ID)

GO TO 1050
CONTINUE

GO TD 28

REQUIRED IN EQUATIONS.

NNU = O

IF (ICARD.EQ.NSUB) TESTHWI6) = .TRUE.
I =0

IF (NDATMS .NE. 2} GO TO 1052

C DIATOMIC MOL ECWLES--

c

C CALCULATE AND CHECK NUMBER OF FREQS. (NNU}. MAXIMUM 6 FOR NON-RRHO.

1052

[

VL) = W = 2.0%WXIL) ¢ 3.,25¢WX(2) + 5.0%WX(3) + T.5625%uX{4)
X{lel) = ~WX(L)+4.5%WX(2)+14.5%WX(3)
Y({lelol) = WX(2) ¢ 8.%WX{(3)

AT{1) = ALFB(L1)-ALFB(2)~. 7S*ALFB(3)
ATJlLlel) = —ALFB(2)-1.5%ALFB(3)

NNU = NNU + 1

I = T ¢ NDINNU)}

IF (VINNU) .EQ. 0.0) GO TO 1094
IF (I .LT. NV) GO YO 1052

IF (I1.GT.NV)} GO TO 1094
IF(B.EQ.0.0) GO TO 1098

IF {NNU.GT.6) TESTW(2) = ,TRUE.
IF {NOATMS.EQ.2} GO TO 2054

IF (TESTW(2)) GD TO 1092
IF(TESTW(1}) GO TO 1053

G0 TO 1056

C DIATOMIC MOLECULES.

2054

c

D=( {BETA(3)*0.5+BETA2))%0.5+BETA(1))*0.5+D
IF(D.EQ.0.0) D=(4,0%B**3) /{s*2

BEJ= B

B=( (ALFB(3)%0.5+ALFB(2) )*0.5-ALFB(1))*0.5+8
IF (.NOT.TESTWIS)) GO TO 9054

C JANAF CORRECTIONS

c
c IF
9054

AL(1) = AI(1)}/BEJ

X(le1) = X(1le2)eVI1D/W

RH = 4.%SORTID/NES)/ {HCKeVIL1))
GO TO 1059

RRHO, SKIP TO 1090 (C410).
IF (TESTW(2)) GO TO 1090

c
C DIATOMICS-—-NOT JANAF.

POLYO0250
POLYO 251
POLY0252
POLYO0253
POLYO0254
POLY 0255
POLYO0256
POLYO25T
POLY0258
POLY0259
POLY 0260
POLY0261
POLY0262
POLY0263
POLYO0264
POLY 0265
POLY0266
POLY 0267
POLY0268
POLY D269
POLYO270
poLYO271
POLYO272
POLYO273
POLYQ274
POLYO0275
POLYO0276
POLYO277
POLYO2T78
POLYO279
POLY0280
POLYO281
POLYO0282
POLY0283
POLY 0284
POLYO285
POLY0286
POLY0287
POLYO288
POLY 0289
POLY 0290
POLY 0291

POLY0292
POLY0293
POLY 0294
POLY 0295
POLY0296
POLY0297
POLY0298
POLY0299
POLYO0300
POLY 0301
POLY0302
POLY0303
POLY0304
POLY0305
POLYO0306
POLYO0307
POLYO308
POLY0309
POLYO310
POLYO311
POLYO312
POLY 0313
POLYO314
POLYO315
POLYO316
POLYO317
POLYO318
POLYO319
POLY0320
POLYO0321
POLYO0322
POLYO0323
POLY 0324
POLY0325
POLY0326
POLYO0327
POLYO 328
POLYO329

POLYO330
POLYO331

444

43
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IFITESTWI4)) ALl ) =ALFBI1)-2.%ALFB(2)-3.25%ALFBI3)

AT(1) = AI(l)/8

ATJ(1,1) = Als(1,1)/8

AII1l = -ALFB{(3)/8

IF (TESTWI4)) AL(1) = (ATI(1) ¢ 1.)%AI(1)

GO TO 1059

c

C LINEAR POLYATOMIC MOLEC

1056 DO 1058 I = 1,NNU

AT(I} = ALFB(I)/8
00 1057 4 = 1,NNU
CON = DN(J)/2,
IF (1.EQ.J) CON = DN
ATI(TsJ) = ~ALJ(1. )
IF (JLT.1) ALJ(TLJ)

ULES--

(1
/8
= AIJUS 1)

1057 AT(I) = AI(I) + CON®*AT J(I.J)
IF (TESTW(A)) ALICI) = (AT(I) + Ll.)=AL(I)

1058 CONTINUE
c
€390

C LINEAR AND DIATOMIC MOLECULES--CALULATE RHO AND THETAS.

[+
1059 IF (RH +EQ. 0.0) RH = (2,04%D)/(B**2 & HCK)

THETA(1)=(HCK®*B)} /3.0

THETA(2)=THETA(1)*%2¢0,.6
THETA(3)=(THETA(1)*THETA(2)%4,0)/7.0
IF (NOT.TESTU14)) GO TO 1075

WRITE (6,2053) B, D,

2053 FORMAT (5HOBO = F10.6+5Xe4HD0 = +E13.6¢5X¢SHRHO = +E13.6 )

DD 2055 I = 1, NNU
WRITE (642057) I.AI{
2057 FORMAT (4&HOAI{(11,3H)

RH

I
= o F10.7)

2055 WRITF (6,2056) (I1,JeATJ(TI4Jd)yJ=1,NNU)

2056 FORMATULHO.6(2HAC T1
GO TO 1075
Cc
C NON-LINEAR MOLECULES--
1053 IF(C.EQ.0.0) GO TO 1
IF (TEST(14)) WRITE

+1HeI1l43H) = F10.7,5X))

100
(6+3056) A,8+C.RH

POLY0332
POLY0333
POLYO334
POLY0335
POLY0336
POLY0337
POLY0338
POLY0339
POLY0340
POLY0341
POLYO342
POLYO0343
POLYO344
POL Y0345
POLY0346
POLYO347
POLYO348
POLY0349
POLY0350
POLY0351
POLY0352
POLY0353
POLYO354
POLY0355
POLY0356
POLYO357
POLYO358
POLY0359
POLY0360
POLYO361
POLYOD362
POLY0363
POLY0364
POLYD365
POLY0366
POLYO367
POLY0368
POLY0369
POLYO0370

3056 FORMAT ( SHOAOQ = F10.6+5X+4HBO = FLO.6¢5Xe4HCO = F10.6 +»5X¢5HRHO =POLYO0371

1€15.8)
NO 1054 I = 1.NNU
AL(L) = (ALFA{I)/A ¢

IF (TESTW(4)) AT(1) = (.SEAI(T )41 )*ATCID4LIALFALTI/ZA)*e24( ALFBLI

ALFB(I)/8 + ALFC(I)/C)/2,

2)1/781%824{ALFCUT)/C )1%%2) /4.

IF {TESTU14)) WRITE (653055) AICI)ALFACTI)ALFBII) JALFC(I),1I

POLY 0372
POLYO373
POLYO3T74
POLYO3TS
POLYO376
POLYO3T7

3055 FORMAT(SHOAT = FLO.T+4X«FHALPHA A = FL10.7+4Xs9HALPHA B = F10.7+4X.POLYO378

1 9HALPHA C = F10.7,
1054 CONTINUE

ASQ=A®%2

BSQO=B¢%2

CSQ=Cs%2

THETA{L) = (2.0%(A¢8+C) - A®B/C - A#C/8 — BeL/A) ® (HCK/12.0)
THETA(2) = (10.0%(ASQ+BSQO+CSQ) + 12,0 * (ASB + BsC + A*C)

4X+3HI = o I1)

POLYO3T79
POLY0380
POLYO381
POLYO0382
POLYO0283
POLY 03084
POLYO38S

1 - 12.0%(ASO*B/C ¢ A*BSQ/C + BSOSC/A + B*CSQ/A + ASQ*C/8B + A*CSQ/BPOLY0386

2} + 7.0%(ASO#BSQ/CSQ + ASQ®*CSQ/BSQO + B8SO*CSQ/ASQ)) *

THETA(3) = 0.0
1075 IF (TEST{14}) WRITE
3075 FORMAT {1HO 3(6HTHET
[
C400

IF{NOATMS.EQ.2) GO T
c
C POLYATOMIC MOLECUWLES,

DO 8 I = 1,NNU
DO 8 J = I,NNU
X(JeoI) = X(I4J)

8 CONTINUVE
[>s] 2 I=1,NNV
00 2 J=I,NNU
214 2 L=J.NNU
IF (I.NE.J) GO TO S
IF(J~-L) 4,24

5 IF (J-L) 6446

4 YUJoLoI}=Y(TsJ,L)
YL, Tod =Y TeJ,L)
GO 70O 2

6 Y(IsLodimY(led,L)
Y(JeToL)=Y{leJd,tL)
Y{JoLoI)=Y{Tod,L)
Yilelod)sY(Iedot)
YiLoede IV=Y{IsJ,L)

(6+43075) (I1,THETA(L) oI=1,3)
Al I143H) = o F9.8,4X)/)

0 1092
MAKE X AND Y MATRICES SYMMETRIC.

HCK$$2/480.POLY0387

POLYO388
POLYO389
POLY0390
POLY 0391
POLYO0392
POLY 0393
POLY 0394
POLYO0395
POLYO0396
POLY0397
POLYO398
POLYO0399
POLY 0400
POLYO401
POLY0402
POLY0403
POLYOAOS
POLY0405
POLYO406
POLYO40T
POLY 0408
POLY 0409
POLYO410
POLYOAL]
POLYOAL2
POLYO413
POLYO414

490

493
495

506

523

533



2 CONTINUE POLYO41S
IF {TEST(14)) WRITE (6,2004)(((ToJel oYl odeLls L=J NNU), J=T,NNU),POLYO4L6
1 I=1.NNU) POLYO417
2004 FORMAT(5(3H Y(IlelHeeTlolHeoll¢3H) =,F7.3,3X}} POLYO418
c POLYO0419
C APPLY X CORRECTIONS FOR NRRAODL AND 2. POLY 0420
00 990 I = 1, NNU POLYO0421
DO 990 4 = 1, NNU POLY 0422
CY = 0.0 POLY 0423
00 910 K = 1, NNU POLY 0424
IFU{K.NE. T} AND{K.NE. D ICY=CY+DNIK)I*Y(1,J4K) /2. POL Y0425
910 CONTINUE POLYO0426
TF(TeEQuUIX(ToI)=X(Tol )¢V (IoloE)®{1.5¢DN(1)#3.)eCY POLY 0427
IFCTNELIIXTTod ) =X o JP¢(DONLT D425V (T o ToJ) +{DNEII 1. ) %YL, e J)+CYPOLYOS28
990 CONTINUE POLY 0429
c POLYO0430
C GII CORRECTIONS POLYO431
DO 860 I=1,NNU POLY0432
IFIG(T1).EQ.0.) GO TO B60 POLYO0433
GUIY) = G(I) + B POLY 0434
IF (TESTH(4)) X(I.I) = X(I,1)eG(RD/3, POLY 0435
IF (LNOT.TESTW(A) IVII) = VII) - G(]) POLY 0436
860 CONTINUE POLY 0437
c POLY0438
€410 POLY0439
C INTERMEDIATE OUTPUT--XIJS AND LEVEL. POLY 0440
c POLYO0S44L
1092 IF (.NOT.TEST(14)) GO TO 1091 POL Y0442
WRITE (6,2860) POLY 0443
2860 FORMAT (8HOX(I.4) ) POLYO444
DO 2861 I =1,NNU POLY 0445
2861 WRITE (6.2862) (X{1+2),J=1,NNU) POLY0446
2862 FORMAT (1H +6F10.4) POLYO4AT
WRITE (641093) LEVEL POLY 0448
1093 FORMAT (BHILEVEL = ,12) POLY 0449
1091 IF (TESTW(S)) TESTHI4) = ,TRUE. POLY D450
c POLYO0451
C CALL LINK1 TO CALCULATE PARTITYION FUNCTION AND DERIVATIVES FOR LEVEL.POLY0452
1090 CALL LINK1 POLY0453
c R POLYO0454
€ IF CC 1-6 = CC1-6 OF PREVIDUS CARD. ASSUME THERE IS ANOTHER ELECTRONIPOLYO455
c LEVEL AND T0 1001 (C330). POLY 0456
C OTHERWISE CALCULATE FUNCTIONS FROM Q AND DERIVATIVES (VALUES FDR POLY 0457
c MULTIPLE ELECTRONIC STATES HAVE BEEN SUMMED). POLYO0458
IF (ICARD .EQ. NSUB) GO TO 1001 POLY0459
NT1 = NT
IF (ASINDT.NE.O.) NT1=NT+1
DO 1000 I = NIT.NTL POLYO0460
IF (J.NOT.TESTW(6)) GD TO 999
Q = FHRT(I) POL Y0461
FHRT(T) = ALOGIOY
DO = HHRT(I)/Q POLY 0463
HHRT(I) = DO
CPR(I) = CPRIIN/Q +(2.-D0)*DO
999 FHRT(I) = FHRT(I) + 1.5#ALOG(WEIGHT) + 2,.5%ALOG(T(I}) + SCONST POLYO0462
HHRT{I) = HHRT(I) ¢+ 2.5
1000 CPR(I) = CPR(I}) + 2.5
If (ASINDT.EQ.0.) GO TO 4001 POLY 0466
[+ POLYO467
C CALCULATE ENTHALPY FOR ASSIGNED T ON FORMULA CARD. POLY0468
SPECH = HHRT{NTL11#E*ASINDT POLY0469
TEST(19) = .TRUE. POLYO4T0
4001 TEST(9) = .TRUE. POLYO4T1
RETURN POLY 0472
1094 WRITE(6,1095) ' POLYO0473
1095 FORMAT {(3THO WRONG NUMBER OF NU-StV-S), C410 ) POLYO4T4
GO TD 2000 POLYO04TS
1098 WRITE(6,1099) POLYO0476
1099 FORMAT({35HO THE VALUE OF 8 [S MISSING, C410 } POLYOSTT
GO TO 2000 POLY 0478
1100 WRITE(6,1101) POLYO479
1101 FORMAT(35H0 THE VALUE OF C IS MISSING. C4l0 ) POLY0480
2000 TEST{16) = .TRUE. POLYO461L
RETURN POL Y0482
END POLY 0483

590

659

663
669

674

689

696

Tms3

s

nr

698

45
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SUBROUTINE LINK1

LINKOOO1

LINK0OO2

C CALCULATE O L INK0OO003

c TESTH(1) MOLECULE IS NON-LINEAR LINKOGO4

c TESTW(2) RIGID ROTATOR-HARMONIC OSCILLATOR APPROXIMATION LINK0OOS

c TESTW(3) SECOND ORDER CORRECTIONS ARE CALLED FOR L INK00O06

c TESTW(4) PENNINGTON AND KOBE APPROXIMATION LINKOOO7

c TESTW(5) JANAF METHOD FOR DIATOMIC MOLECULES POLY0007
c TESTW(6) SPECIES HAS EXCITED ELECTRONIC STATES

COMNON NAME(2),SYMBOL{70) ,ATMHT(70) +£,HCK,ELECTR,1EARD, INORD{5), LINKOOOB

1 WORD(4),TEST{ 20} 4WEIGHT ,FORMLA(5) (MLA(5) ¢ANY ,ELEMNT(70)}, LINKO009

2 NATOMyNT,CPR{202) yHHRT {202 ) y ASINOH, T(202) ,ASINDT, FHRT{ 202),LINK0OO10

3 SCONST,NOATMS , MPLACE (70) ,LPLACE(70) , NMLA(70) ,NDFILE, LINKOO11

4 SPECH, TAPE(202,3) ,PTMELT,PEX{10) ,TRANGE(10) , TCONST,NKIND, LINKOO12

s NELLINES [ TRoNTMP,AG{T0),66 (701, NIT LINKGO13

c LINKOO14

€420 LINKOOLS

c . LINKOO16

COMMON ZWCOMMN/ V{20) ;DN{20) +ND{20} ¢X{6+6) ¢¥(646+6),NNU,ALFA(6), LINKOOL7

1 ALFB(6), ALFC(6), G(6), WX(6), BETA(6), A, B, C, RH, D, WF, W, LINKOO18

2 SYM, STWUT, TOO, THETA(S5), TESTH(6) +R{20+3) 4S120,3)+QL(3),+Q,QLN,DQ,L INKOOL9
3 DDOsLABEL.QTOTQLNTOToDATOT+ODQATOT+CORT (AT I(606) s ATELAI(6) , NSUBL INKOO20

LOGICAL TESTW, TEST
DATA LEL/GHELECTR/s LHO/4HH.0./¢ LRR/4HR.R./ oL XTI/ 3HXTI/ o LRHO/
1 3HRHO/+LTHETA/SHTHETA/ JLYI JK/&HYT UK/ s LALPHA/SHALPHA/ « L2/ 4HWEZE/

[
C TESTE14)--INTERM CARD HAS BEEN READ CALLING FOR INTERMEDIATE OUTPUT
1F( .NOTLTEST(14)) GO TO &
DO S I = 1, NNU
NND=DN( 1)
5 WRITE(641006) L+VIIDNNDoIsIvG(E}
1006 FORMATE3HOV{s1143H) = F9.4¢1H{+1141H} 6Xe1HGe2I1+2H =+F7.3)
6 IF _{ASINDT .NE. 0.0) GO TO 7
NT1 = NT
Go T0 8
T NTL = NT ¢+ 1
T(NTL) = ASINDT

C OO0 LOOP THRU 1000{C480) CALCULATES Q AND DERIVATIVES FOR ELECTRONIC
[ LEVEL. IT = T INDEX,
8 DO 1000 IT = NIT,NT1
oToT = 1.0
QLNTOT = 0.0
0QTO0T = 0.0
DDQTOT = 0.0
0 =1.0
IF (TEST(14)) WRITE (6.4} TUIT)
4 FORMAT(4HLT =F9.3)
1008 CT = HCK/T(IT}
DO 10 I=1,NNU
Rtlsl) = 0.0
U=2CT ® V()
IF (U.GE.30.) GO TO 9

R{Is1) = RIS S(Iy1) = SI. A 2 OR 3 IN THE SECOND SUBSCRIPT
INDICATES FIRST OR SECOND DERIVATIVE RESPECTIVELY OF RI AND Si.
THESE DERIVATIVES ARE USED YO OBTAIN THE DERIVATIVES OF THE Q
CONTRIBUTIONS IN SUBROUTINE DERIV.

AOOOO0

R{ls1) = EXP(-U)
9 S(I41) = 1./(1.-R{I,1))
R(1,2) = U
R {1,3) = -V
StI,2) = R(I.1I*S(I,1)%U
S{Is3) = SUI,2)%(S(I42) + U ~ 1.}
IF{TESTI{14}) WRITE{6,1018) UsRIE 1) oSITs1) 01

LINKOO21
LINKO0022
L INKOO23
LINKOO24
LINK0O025
LINKQO26
LINKOO27
LINKOO28
LINKOO29
LINKOO30
LINKOO31
LINKO0O32
LINKOO33
LINK0O34
LINKOO3S
LINKOO36
LINK0O37
LINKOO38
LINK0O39
LINKOO40
LINKOO41
LINK0O42
LINKOO43
LINKOO44
LINKOO45
LINKOO46
LINKOO47
LINKOO48
LINK0O49
L INK0O50
LINKOOS1
LINK0OOS52
L. INKOO53
LINKOOS4
LINKOOS5
LINKOOS6
LINKOOS7
LINKOO58
LINKOO59
L INK0060
LINKOO61
LINK0062
LINKO063
L INKOOG64

1018 FORMAT(7HO U = »E13.7, 6H R = 4E13.7, 6H S = +E13.7+3X.3HI =LINKOO65

112)
10 CONTINUE
IF(TESTE14)) WRITE (6,1005)
1005 FORMAT(13HOCONTRIBUTION, 13X +1HQe15X+4HLN Qe11Xe8H H~HO/RT,13X,
14HCP/R)
[
C430
C OLN = LN Q. 00 = TDLNQ/DT. 00Q = T2D2(LN Q)/DT2.
€ SUBRDUTINE QSUM ACCUMULATES CONTRIBUTIONS OF LN Q AND DERIVATIVES.

c
C ELECTRONIC PARTITION FUNCTION--FORMULA 1.
00 = CT*T00
OLN = ALOG{STWT) - DO
DDO = ~2.0 * DO
LABEL = LEL
CALL QSUM (TEST(14))

(2N 21

HARMONIC OSCILLATOR PARTITION FUNCTION--FORMULA 2.
0D 15 I = 1, NNV
OLN = QLN + DN(I) ® ALOG(S(I«1})
DQ = DO+DN(I} * S{I,2)

15 DDQ = DDO+DN(I) * S([,3)

L INKOO66
L INKOO67
LINKOOSS
LINKQOO69
LINKOO70
LINKOO71
LINKOO72
LINKOO73
LINKOO74
LEINKOO75
LINKOO76
LINKOOT7
LINKOO78
L INKOO79
LINKOOS8O
LINKOOS1
LINK0082
LINKOOB83
LINKOOBS

LINKOO86
LINKOO87

25

37

50

56

58

60
65



c

DDO = BDO - DO

CORT = O.

LABEL = LHO

CALL QSUM (TEST{(14))

RIGID ROTATOR PARTITION FUNCTION-—FORMULAS 3 AND 4,

LABEL = LRR

IF (TESTW(1)) 6D TO 20
Q= 1.0/(SYM ®© CT © B)
DQ = 1.0

0DQ = -1,0

GO TD 30

20 0 = (1.0/CT*%3 * 3.1415927/ (A*B#C)) *%0.,5%1.0/ SYM

DQ = 1.5
0DQ = —-1.5
30 OLN = ALOG{Q)
CALL QSUM (TEST(14))

ENO RRHO CALCULATIONS. GO T0 900{C480) TO ACCUMULATE Q FOR LEVEL.

IF (TESTW(2)) GO ¥D 900

ROTATIONAL STRETCHING-—-FORMULA 5.
LABEL = LRHD
OLN = RH®TCIT)

CALL QSUM (TEST(14))
LABEL = LTHETA

Q=1l.¢ ((THETA(3)/TC(I¥) + THETA(2))/TUIT) &« THETA(L)} /7 TLITH

QLN = ALOG(Q)

LINKOO8S
LINKOO89
LINKOO90
LINK0091
L INK0092
LINK0093
LINKOO94
LINKOO9S
LINKO096
LINKOD97
LINKOO98
LINK0O099
LINKO100
LINKO101
LINKO102

LINKO103
LINKO104
L INKO105
LINKO106
LINKO107
LINKOLrO8
LINKO109
LINKOL10
LINKOL111
LINKOL112
LINKOL13
LINKOLLA
LINKO115
LINKOL116
LINKOL117
LINKOL17

DO = ({3, *THETA(3}/TULIT) +2.¢THETA{2))/TLIT) & THETA{L)) /TUIT)/QLINKOLLS
DOQ = ((2.%THETA(3)/TLIT) + THETA(2)) * 3./TUIT) + THETALL)) = 2./LINKO119

1 TOIT) /7Q - DQ¥%?
CALL QSUM (TEST(14))

LINKO120
LINKO121
LINKO122

C VIBRATIONAL—-ROTATION INTERACTION USING ALPHA CONSTANTS—-FORMULAS 8-10LINKOD123

LABEL = LALPHA

0D 39 I=1,NNU

QL1 ) =AI{TI)* DN}

CALL DERIV (1,0,0,0,0+1,0,0,0,0,0}
IF(TESTHW(4)) GO TDO 39

QLEL) = SHONCIV*AL¢]}*s2

CALL DERIV {(1,0+0404041,140,0,0,0)
OLE1) = DN(IV/6.%ATLT)*=3

CALL DERIV {1,0+,0+0404+1+14%40,0,0)
QLELY = DNC(I)/6.%AI(I)%e3

CALL DERIV (1+140+0+,0+1,101,40,0,0)
IF(TESTW(L) ) GO TO 39

aLi{ly = AIJ(I.T) *DN{L}

CALL DERIV (140¢0:0+0¢1+140+0,0,0)
QLI1) = ARJUEII*DN(IV*ALCL)

CALL DERIV (1,040,04041,1,1,0,0,0)
OLE1) = AIJ(LI.I)*DNUID*AT(I)

CALL DERIV (14140,0+040+1+1,0,0,0}
D0 37 4 = 1.NNU

OL1) = ATJ(TI.JI%DNLL)*DN(J)

1F (1.GT.J) GO TO 35

CALL DERIV (1+4+40,0,0+1,4,0,0,0,0)

35 OL(1) = AR(IV*ATI(TI.J) * DN(I}* DN(J)

IF (I1.E0.J) QLEL) = QL(1) * 2,
37 CALL DERIV (14J40¢04001414340,0,0!
IF (NOATMS .GT.2) GO TO 39

c
C FORMULA 11.
OL(1} = AIII
CALL DERIV (140+04504041+41,150,0,0)
OLE1) = &, * AITI
CALL DERIV (141.0,0,0¢1¢141¢0,0,0)
QL1) = AITI
CALL DERIV { T¢I¢140+0v1¢lvI¢0+0,0)
39 CONTINUE
c
€450
c
IF (TEST{14)} WRITE (6,40)
40 FORMAT{25HOFIRST ORDER CORRECTIONS
CALL QSUM (TEST(14))
CORY = 1.0
[
C FIRST ORDER XIJ--FORMULA 12,

LABEL = LXIJ
DD 50 1=1,NNU
D0 S0 J=I,NNU
CON = DN(I1)*DN(J)
IF (1.EQ.J4) CON=CON+DN(I}
44 QLLU1) = CON¥{-~CT)®X([.J)
50 CALL DERIV (143,04040¢1.J40,0,0.0)

LINKO124
LINKO125
LINKO126
LINKO127
LINKO128
LINKO129
LINKO130
LINKO131
LINKO132
LINKO133
LINKO134
LINKO135
LINKO136
LINKO137
LINKO138
LINKO139
LINKO140
LINKO141
LINKO142
LINKOL143
LINKO144
LINKO14S
LINKO146
LINKOL&T
LINKO148
LINKO149
LINKO150
LINKO151
LINKO152
LINKO153
LINKO154
LINKO155
LINKO156
LINKO157
LINKO158
LINKO159
LINKO160
LINKO161
LINKO162
LINKO163
LINKO164
LINKO16S
LINKO166
LINKO167
LINKO168
LINKO169
LINKO170
LINKO171
LINKO172
LINKO173
LINKO1T74

7%

82

2

85

92

98

105

112

120
126
132

139

144

149

159

168

174
176
178

181
183

198

47



48

CALL QSUM (TEST(14))

END CALCULATIONS FOR PANDK AND JANAF,
IF (TESTW(4))} GO TO 900

A on

FIRSY ORDER YIJK--FORMULALl3,
LABEL = LYIJK
DO 70 1I=1,NNU
DD 70 J=1,NNU
00 70 K=JsNNU
CON = NDUINS(ND(JI)+ KDU(L,J))®(NO(K)+ KDUE,K)+ KD(J9K)}}
OL{13=CON * (—-CT) «Y(I,J,K)}
70 CALL DERIV (14JsKy040¢I+3¢K00,0,0)
CALL QSUM (TESTt(14)}
DATA LAX/4&HAXI S/, LG/4HG+AG/, LX2 76H{X1J32/ »LXY
1/2HXY/ e LG2/SHG2+GX/ eLAX2 /3HAX2/¢LFERMI/SHFERML/

3N}

FIRST ORDER ALPHA-XIJS INTERACTEON-—FORMULA 17.
LABEL = LAX
DO 100 I=1,NNU
AL = AI(I}*{(~CT)
DO 100 J=1,NNU
IF (T EQ.JIQLCLI=AL®X(L+I )2, #DNC(I IR (DN(I}+1.}
IF (TJNE.JIOLUL)= AL *XUI,J)*DN(IV*DN(J)
100 CALL DERIV (14J+050+0+s%+14J40,0,0%
CALL QSUM (TEST(14})

C460

DO 120 I=1,NNU
IF(GtTI).EQ.0.) GO VD 120

(N3]

GIF -CORRECTION—~ FORMULA 16.
LABEL = LG
QLE1 )=G{IV&(-CT)*2,
CALE DERIV (140+0¢0¢0¢1+1,0+0,0,0}
QUEL) = 4, *GII)+AI(I}*CT
CALL DERIV (X¢1+0¢0¢09Is141,0,0,0)
120 CONTINUE
IF(LABEL .EQ.LG)} CALL QSUMI{TEST(14})
IF (NDATMS .6T.2) GO TO 130

C WEZE FOR DIATOMIC MOLECULES--FORMULA 15.
LABEL = 1.2
QLILY = 24 %uX{3)1%(=CT)
CALL DERIV (1y1+419190e¢lsle1l¢140+0)
CALL QSUM (TESTIL4)}
130 CTT=CT %*%2/2,
IF(WF.EQ.0.0) GO TO 141

FERMI RESONANCE~—FORMULA 7.
LABEL = LFERNI
CORT = 2,
U = CT*2,%V(2}
RW= EXP(-U}
SW= 1./41.-RW)
CON * WFEE2ACTT #RW * SHE*2%S(2,]1)%%2
QuL{1l) = CON
OL{2) = U 4 2.%RW*SH*U + 2.%5(2,2)
OL(3)= -y + 2 %RWESWEUX{U + RWESWFU-1.)¢ 2.%5(2,3)
CALLt DERIV(04+040+40,05040,0,0:0,0)
QL{1) = -CON
CALL DERIV (140+0+090+0404040,0+0}
CALL OSUM (TEST(14))

(xRl

4
C END CALCULATIONS FOR NRRAOL.
141 IF(.NOT.TESTN(3}) GO TO 900
IF (TEST(14)) WRITE (64142}
142 FORMAT (26H0 SECOND ORDER CORRECTIGNS ]

c

C470

c

C XIJ ~ XIJ INTERACTION-—-FORMULAS 18 AND 19.
LABEL = LX2
CORT = 2.0

00 200 I=1,NNU
DO 180 J=1.NNU
CON = DNE{T)*DN(J)
IFUI.EQ.J) CON = 2.%DN{I}*{DN(T)+1l.)
QLEL)=CON®X{ T4 S)*%2%CTT
180 CALL DERIV (14J40¢040¢f+1¢9+J+,0,0)
DO 200 J=1.NNU
0D 200 K=J3,NNU
CON = {2=KD{(JsKIIR{L4KD{T,S})ISLL4KD(T oK) IENDIT)I®(NDIJI) +KD(T S} 0=
1{ND{K)+KD(I.K)}
QLELY = CON © X(T1,01%X{I.K)*CTT
200 CALL DERIV (XeJsKs090s1+1¢4+K00+0}
CALL OSUM (TEST(14))

LINKO175
LINKO176
LINKOL1T7
LINKO178
LINKO179
LINKOL80
LINKO181
LINKO182
LINKOl83
LINKO184
LINKO18S
LINKO186
LINKO187
LINKO188
LINKO189
LINKO190
LINKO191
LINKO192
LINKO193
LINKO194
LINKO195
LINKO196
LINKO197
LINKO198
LINKO199
L INKO200
L INK0201
LINKO202
LINK0203
LINKO204
LINKO20S
LINKO206
LINKO207
LINKO208
LINKO209
LINKO210
LINKO211
LINKO212
LINKO213
LINKO214
LINKO215
LINKO216
LINKO217
LINKO218
LINKO219
LINKO220
LINKO221
LINKO222
LINK0223
L INK0224
LINKO225
LINKO226
LINKO227
LINKO228
LINKO229
LINK0230
LINKO23]
LINKO0232
LINKO233
LINKO234
LINKO235
LINKO236
LINKO237
LINKO238
LINKO239
LINKO240
LINKO241
LINKO242
LENKO243
LINKO244
LINKO24S
LINKO246
LINKO247
LINKO248
LINKO249
LINKO250
LINKO251
LEINKO252
LINKO253
LINKO254
LINKO255
LINKD256
LINKO257
LINKO258
LINKO259
L INKO 260
LINKO261
LINKO262
LINKO262

202

214

222
227

246

250

260
264
268

274
276

282

283
285

287
291

307

314
325

216

315

316

317

319



C XIJ - YIJK INTERACTION--FORMULAS 20 AND 21,
LABEL = LXY
DO 300 I=1,NNU
D0 300 J=I4NNU
DO 300 K=1,NNU

CON = 2%(1+KD{ I J} ) (14KDUL+K) + KDUJS,K)I®E(ND(I)+ KD(I,J))®ND(J)®

LINDIK) + KD(JoK) + KD(I.K}}
QLILY = CONSCTTSX{IS)0Y(I,dsK)
300 CALL DERIV (T1+¢J9Ks090sleloeJodeKeO)
D0 400 I=1.NNU
00 400 J=1,NNU
00 400 K=1,NNU
00 400 L=K,NNU

L INKO264
LINKO265
LINKO266
LINKO267
LINKO268
LINKO269
L INX0270
LINKOZ2TL
LINKO272
LINKO273
LINKO274
LINKO275
LINKO2T6

CON = (14KDUToJII®C1eKDITKI+KOCTSLII*NDIE)*(NDLII)¢KDIT, I} ) =(NDEKILINKO277

1+ XD(T,KII®INDIL) & KDUI, LI+ KDU(K,L})®2
OL{1) = CONSCTY®X(I+J)2Y(1.K,L)

400 CALL OERIV (ledeKel«Ool ol sJoKeLloO)
CALL OSUM (TESY(14))

c
€480
C
00 500 I=1,NNU
IF (GI1).EQ.0.) GO TD 500

c
€ GII - GIT AND GIF — XIJ INTERACTIANS-—FORMULAS 22 AND 23.
LABEL = L62
OL(1) = 2.%G{I)**2*CTT
CALL DERIV (14040404001 ¢1+T¢1+0,0}
00 490 J=1.,NNU
CON = 4. %GUIIEX(TJh6CTT
IF (1.EQeJd) CON = 16.%GIII*(G{I} +2.X(1,1))%CTT

QLE1) = CON

CALL DERIV (1¢J+0+040+101¢14d+040)

QLt{1l) = CON

IF {1.€0.400L(1) = CYT#2.%(G(I)+12.¢X(I [} )*G(I)

490 CALtL DERIV (1¢040+050+101 ¢l ¢J0s040)
S00 CONTINUE
IF(LABEL .EQ.LG2) CALL OSUM(TEST(14}}

c
C ALPHA - XIJ — XIJ INTERACTION--FORMULAS 24 THRU 27.
LABEL = LAX2
DO 600 I=1,NNU
AL = ATLII=CTT
QLILY = 4. %AL&{X{I,1)*ON(I)I*(DNCI)+1.0)e%x2
CALL DERIV (IelolsleloloeloI Io1,0)
00 600 J=1,NNU
IF (1.EQ.J) CON = 4. #DN(I)*{DN(T}+1.)
IF (1.NE.J) CON = DN(I)*DN{J)
QL) = CON®X(IoJ)*%2%AL
CALL DERIV (I+40¢0¢0,0s101¢0'¢30J.0)
DO 600 K=1,NNU

LINKO278
LINKOQ279
LINKO280
LINKO281
LINKO282
LINKO283
LINKO284A
LINKO28S
LINKO286
LINKO287
LINKO 288
LINKO289
LINKO290
LINKO291
LINKO0292
LINKO293
LINKO294
L INKO295
LINK0296
LINKO297
LINKO298
LINKO299
LINKG300
£ INK0O301
LINKO302
LINK0303
LINKO304
LINKO305
LINKO306
LINKO307
LINKO308
L INKO309
LINKO310
LINKO311
LINKO312
LINKO313
LINKO314

CON = (14 KD{I,J})*{1e KDCE4KIIENDUI}I*INDIII+ KDUI¢J)I*IND{K)+ KD{LINKO3LS

11.K1)

OL(L) = CON*AL®X{I,J)eX(I.K)

CALL DERIV (1,J+K+040¢l4lelvsdsKeO)
QLY = CON*AL®X{I,J)}exX{I,K}

CALL DERIV (I+JsKelsO0olelelsJeKoO0}

LINKD316
LINKO317
LINKO318
LINKO319
LINKD320

CON = (1+ XKDCRoJ)I®t1e KO(IsKDI#(2~ KDUI.K}IENDII}&INDLJI)+ KD(1,JILINKOI2L

LI*((1+ KD{I,KIIEND(K}+ KDC(I+K) 4+ KDUJIoK)+ KDL ¢J)*KD(JyK)})

QLILY = CON * AL* X(I,J) * X(J,K)
CALL DERIV (1,J+K+040s141,5J9JeKs0)
600 CONTINUE
CALL QSUM(TEST(14))
900 IF {TESTH(6)) GO YO 902

CALCULATIONS FOR SPECIES WITH ONE ELECTRONIC STATE

[aNaTal

FHRT{IT) = QULNTO?

HHRT(IT) = DQTOT

CPR{IT) = DDQTOY + 2.*DOTOT
G0 To 1000

CALCULATIONS FOR SPECEES WITH EXCITED ELECTRONIC STATES

o0

902 IF (QLNTOT.LE.88.} GO TO 903
WRETE (642}
FORMAT { 44400 TOO LARGE TO INCLUDE EXCITED STATES. C480)
IF {ICARD.NE.NSUB) RETURN
CALL INPUT(LINES)}
G0 TO 3
903 QTOT = EXP(OLNYOT)
FHRTLIT) = QTOT + FHRTIIT)
HHRT(IT) = DQTOT*QTOYT & HHRT(IT)
CPR{IF} = (DDQTOT +.DQTOT*#*2}+QTOT ¢ CPRUIT)
1000 CONTINUE
RETURN
END

wnN

LINKO0322

L INKO323
LINKO324
LINKO325
LINKO326

LINKO327
LINKO328
LINKD329
LINKO330
LINKO331
LEINKO332

330

339 340 341 342 344 345
351

365 366 367 368 370 372 373
379

385

396
407
415

421

430

448 449 450 452
457
461

463 464 465 466 468 469 470 471
472

417
482

492

499

49



50

FUNCTION KD(IsJ)
KD = 0

IF (I EQ.J) KD = 1
RETURN

END

KDELOOO1
KDEL 0002
KDELOOO3
KDEL 0004
KDEL 0005



SUBROUTINE DERIV (I11412¢E3¢14415+J15420J3004,J05046) DER10001
c
C FIND Q DERIVATIVES.
c

COMMON /WCOMMN/ V(200 +DNC20) yND(20) 1X(6+6) s Y 6456463 4NNU,ALFAI6), WOOLOOL3
1 ALFBI6), ALFCE6)s G656}y WX(6), BETA(6), Ay By Cy RHe Do WF, W, DERIOOO3
2 SYM, STWT, TOO, THETA(S5),TESTW(S) ,R(20,+3),S{20+3),00L(3),0,QLN,DQ,DERI0004
3 DDO,LABEL,QTOT,QLNTDT,DQTOT,00QTOT,CORT AL J(6,6) ,AITT1,AI{6),NSUB DERI0DOS

c DER10006
C490 DERIOOQOT
c DERIO008
DIMENSION I(5), J(6) DERIO009
It1y = 11 DERIOO10
11{2) = 12 DERIOO11
1(3) = 13 DERIOO12
I(4) = 14 DERIOO13
I1{5) = IS DERIQO14
Ji1) = J1 DERIOO1S
J(2)y = g2 DERIOO16
$(3) = g3 DERIOO17
J(&) = 44 DER1IOO18
SU5) = IS DERIOO19
Jl6) = J6 DER10020
OATA IFERMI/SHFERM]/ DERI0021

IF {LABEL.EQ.IFERMI} GO 7O 8 DERT0022
aL{2)=0. DERIDO23
QL{3)=0. DERI0024

8 DO 10 IR=1,5 DER10025
K = IUIR) DERID026
IF(K.EQ.0) GO YO 20 DERI0027
OL{1) = QLI{1)*R(K,1} DERI0O028
QLE2) = QL{2)+4R(K,2) DERIOO29

10 OL{3) = OL(3)+R(K,3) DERIDO30
20 DO 30 IS =1,6 DERI0O31
K = J(IS) DER10032

IF (K.EQ.0) GO TO 40 DERIOO033
QLEL) = QL{1)*S5(K,1) DERI0034
QL(2) = QL(2)+S(K,2) DER10035

30 0L(3) = OL(3)+S(K,.3) DERI0036
40 OLN = QLN + QL(1) DERIO038
QCORT = QL(2) - CORT DERIQ039

00 = QCORT*0L{1) + DQ DERIO040
DDQ = OLE1)*(QLE3)+QCORT**2 ~ QCORT)} + DDQ DER10O41
RETURN DERID042

END DERIO043



SUBROUTINE QSUM (TEST) Qsunoo01
c
C ACCUMULATE VALUES OF Q AND ITS DERIVATIVES.
c

COMMON /WCOMMN/ V{(20),DN(20) +ND{20) +X(6+6) +Y(6+6:6) sNNUsALFA(6), WOOLOO13
1 ALFB{6)s ALFCU6), G(6)y WX(6), BETA{6)s Ay By Cy RHy Do WFy Wy QSUM0003
2 SYM, STHT, TOOs THETA(S5) sTESTN{6)}+R(20¢3)+S(20+3),QL(3),Q,QLN,DQ, QSUMOOO4
3 DDQ.LABEL,QTOT,QLNTOT.DQTOT +ODATOT+CORT AL S(6+6),AITLALI{6) , NSUBQSUMOOOS

c QSUMO006
€500 QSUM0007
c QSUMO0008
LOGICAL TEST QSuUM0009
1F {.NOT.TEST) GO TO 8
e = 0.
IF (ABS(OLN).LE.88.) Q=EXP(QLN)
CPROUT = DDQ + 2. ® DQ QSUMOOL16
WRITE (6+6) LABEL,Q.QLN+DQ,CPROUT QSUMOO17
6 FORMAT(4X,A64E21.4¢3F18.8) QsyMo0ls
8 OLNTOT = QLNTOT + QLN QSUM0020
0OTOT = DOTOT + DQ QSuyM0021
DDQTOT = DDQTOT + ODQ QSUMD022
QLN = 0.0 asuM0024
D0 = 0.0 QsuM0025
DDQ = 0.0 QSUNO0026
RETURN QSUN0027

END QSUM0028



c
€510

12

1064

66

1066

67

68

69

70
c
€520

c
120

164

SUBROUTINE DELH

COMMON NAME(2) o SYMBOL (T0) ¢ATMWT(TO) +RoHCK,ELECTR,ICARD +IWORD(5) o
WORD (4 s TESTE 201 4 WE IGHT ,FORMLA(S) JMLALS ), BLANK,ELEMNT(T0) s DELHO003
NATOM,NT CPR202) 4 HHRTE 202 ) 4 ASINOH,T(202) yASINDT FHRT (202}, DELHOOO4
SCONST+NDATMS ¢ MPLACE(T70) o LPLACE(T0) JNMLA{TO) ;NDFILE,
SPECH, TAPE(606 ) +PTMELT,,PEXI10), TRANGE(20) . TCONST,NXIND,
NF LINES, ITR NTHPIAG(TO) +GGIT0) o NIT, Pl oHZ9BHR (T HEAT,, JFIS)

COMMON/PCH/K oNFL1oNF2oANS(9¢15) 4 TC (100 o NTC oNFP o LDATE ¢ NNNo NLAST

AP WN -

EQUIVALENCE (AME,NAM)

OATA IDELH/G6HDELTAH/+IDES/6HDT SSOC /o IASH/6HASINDH/ ¢ IB/1H /

LOGICAL TEST

INTEGER ELEMNT

IF (TEST(18)) GO TO 67

IF (IHEATL.EQ.IB) GO TO 164

IFCTFSTU13).AND.ASINDT .EQ.298.15) TEST(8)=.TRUE.

IF (TEST(8)) GD TO 66
IF (TESTL19)) GO TO 120
WRITE (641066)

FORMAT (42HOINSUFFICIENT DATA FOR AN HO VALUE, CS10

RETURN

IF (.NOT.TEST(17)) GO TO 1066
CALL PUNCH

TESTI(17) = .FALSE.
IF(TEST(15)) CALL LEAST
RETURN

IF {TEST(8)) GO TO 69

IF (IHEAT.FQ.IASH .AND. ASINDT.EQ.298.15) GO TO 68

ASINDH = 0.

GD T0 &6

TEST(13) = .TRUE.

TEST(A) = .TRUE.

N0 701 = 1, NT

HHRT(I) = HHRT(I) ~ ASINDH/(Re®T(1))
FHRT(I) = FHRTII)+ ASINOH/(RETII))
GO TO 66

IF (IHEAT .EQ. IASH) GO TO 167
IF (IHEAT .EQ. IDELH) GD TO 166
IF (IHEAT .E0. IDIS) GO TO 166
WRITE(64165)

DELHO001
DELHO002

DELHO0005
DELHO006
DELHO007
DELHO008
DELHO009
DELHQO010
DELHOOLL
DELHOO012
DELHOO13
DELHOOL4
DELHOO1S
DELH0021
DELH0022
DELHO023
DELHO024
DELHO025
DELHO026
DELHO027
OELH0028
DELH0029
DELH0030
DELHO031
DELH0032
DELHO033
DEL HOO034
OELHO033
DELHO0036
DELHO037
DELHOO38
DELHO039
DEL HO040
DELHOO041
DELHO042
DELHO0043
DELHOO044
DELHO045
DELHOO46
DELHO047
DELHO0048
DELHO049
DELHO0050

165 FNRMAT(92HOE ITHER ASINDH.DELTAH.HFZ9S'IPATON.OR DISSOC WAS NOT FOUDELHOOS51

100
184

167
162

c
€530
c

166

186
188

200
201

187
189

185
180

IND ON THE FORMULA CARD. C520
LINES = LINES ¢ 2

TESTI8) = ,FALSE.

RE TURN

ASINDH = ASINDH - SPECH
TEST(8) = ,TRUE.

GN TO 66

IF (IHEAT .EQ. IDELH) ASINDH sASINOH- SPECH
IF {IHEAT .EQ. JDIS) ASINDH =—ASINDH- SPECH
00 180 1 = 1,NKIND

J = JFLID

REWIND 3

[FUTHEAY .EQ. IDELH) N = LPLACE(J)

IFCIHEAT .EQ. TDIS) N = MPLACE(J)

IF {N.EO.0) GO TO 200

CALL SKFILE (3.N)

READ( 3} NAM,HIERO,PT,TNO

IFUASINDT.EQ.0.0) GO TO 185

NDT = YNO + 0,0000001

KK = 3&NOT

READ (3) (TAPE(K), K = 1, KK}

0D 186 X = 1, NOT

IF (TAPE(K ).GE.ASINDT-0.0000001) GO TO 187
CONT INUE

WRITE (6.188)

FORMATISOHOHHRTY FOR ASINOT WAS NOT FOUND ON EF TAPE, C530

GD YO 100
WRITE (6+201) FORMLA(I)

FORMAT (1HO.A6. 4OHDATA WERE NOT FOUND ON EF TAPE, C530

GO TO 100
KK = NOT ¢ K
HA = TAPE(K)IS®R*TAPE(KK) ¢+ HZERO

IFCIHEAT .EOQ. IDELH)ASINDH=ASINDH+FLOAT{MLA(T) )SHA/FLOAT (NMLALJ))
IF (IHEAT .€0. IDIS) ASINDH = ASINDH & FLOATIMLAL1))*HA

GO TO 180
HA = HZERD
GO TO 189
CONTVINUE
GO TO 162
END

DELHO0052
DELHO053
DELHO0054
DELHO055
DELHO056
OELHOOS57
DELHOOS8
DELHO0059
DELH0060
DELHOO061
DELH0062
DELH0063
DELHO064
DELH0065
DELH0066
DELHO067
DELHO068
DELHO069
DELHOO70
DELHOO71
OELHOO72
DELHOO073
DELHOO74
DELHOO0TS
DELHOO76
DELHOOT7
DELHOO78
DELHOO 79

1DELHO080

DELHO081
DELHO082
DELHO083
DELHODB4
DELHO085
DELHO086
DELHO087
DELHO088
OELHO089
DELHO0090
DELHO091
DELHO092
OEL HO093
DELHOO94

15

19
23

n

100

102

53



54

c
[ §
c

SUBROUTINE TABLES TABLOOO1

ST FIRST 2 TABLES OF THERMODYNAMIC FUNCTIONS. TABL0002
TABLO002

COMMON NAME(2),SYMBOL (70) JATMWT{70) ,R,HCK+ELECTR, ICARD,IWORD(5)s TABLOO0O3

1 WORD(4) 4 TEST( 20) ¢MEIGHT JFORMLA(S) +NLALS5) s BLANK,ELEMNT(T0), TABLOOCO®
2 NATOMyNTCPR(202) 4HHRT (202) s ASINDH, T(202) s ASINDT»FHRT (202}, TABLOOOS
3 SCONST+NOATMS MPLACE (70} sLPLACE(70) yNMLA(TO) ,NOFILE, TABLOCO6
& SPECH. TAPE(202,3) 4 PTHELT,PEX{10)  TRANGE(10) + TCONST,NKIND, TABLOOO7
5 NF,LINES,ITRyNTMP,AG{70),GG(70),NIT,PI,H298HR TABLOOOS
[+ TABLO009
C540 TABLOOL0
c TABLOOL1
LOGICAL TEST TABLOOL12
EQUIVALENCE (IT.TI) TABLOO13
DIMENSION FMT{12),FF(26),HEADL (22} ,HEAD2120) TABLOO14
DATA FMT(1)}/4HU1IH 7 FNTU3)/6HF12.7+/0 FMT{11)/1H}/, TABLOOLS
1CFFIT ) I=1,10) /55HI9¢3XoFL12.24F14.T7Flb4c4¢F14.64A6+8XsF16.T+F16.4,TABLOOLS
2A64 7+ (FFU3)ed=11,26)/ 96H{H-H29(F-H298)/RT H/RT, 12X,SH-F/RT TABLOOL17
3H-H298-( F-H298) Hy 14X 2H-F  (H~-HO) (F-HO)H-HO —{F-HO/RT /s TABLOO18
4(HEADL{K) ¢K=1,21)7 126H{1HOBX+1HT BXs4HCP/RBX . 24H(H-HOV/RT TABLOO19
5 (H~H298)/RT, 6X3HS/RBX, 25H- (F~HO)/RT =~ (F-H298}/RT,8X+4HH/RT, TABLOO20
612X+SH-F/RT //) /¢ (HEAD2(L) +L=1,19) 71 14H{LHOBX,1HT , 10X s 2HCP+ 11X+ TABLOO21
7 194 H-0 H=-H29810Xs1HS+9X, 23H-{F-HO) -({F-H298}, TABL 0022
810Xy 1HH, 14X, 2H-F 17} / TABL0OO23
WRITE(6+11) NAME{ 1) ,NAME(2} TABLOO2&
11 FORMAT ( 1HO,2A6) TABL0025
c TABLOO32
€550 TABLOO33
[4 TABLOO34
00 2000 I = 4,8 TABLOO36
2000 FNTI(I) = FF(3} TABLOO37
FNT{9) = FF(7) TABLOO38
DD 2005 K=15,16 TABLOO39
HEADL(K+3) = FF(K-1} TABL 0040
HEAD2(K+2) = FF(K+5) TABLOO41
HEADL(K) = FF{10) TABLO042
HEADL(K-7) = FF(10) TABLOO43
2005 HEAD2(K~-1) = FF(10) TABLOO44
HEAD1(20) = FF(16) TABLOO4S
HEAD2(8) = FF(10) TABLOO46
IF(TEST(13)) GO TO 2008
HEADL1 (6)=FF{22)
HEAD1 (7)=FF(26)
HEAD1 (13)=FF(23)
HEAD] (14)=FF(26)
HEAD2(6) =FF(24)
HEAD2{12)=FF(25)
HEAD2(13) =FMT(11}
00 25 I=14NT TABLOO4T7
IFCABS(T(1)-298.15).67.0.01) GO TO 25 TABLOO48
H298HR = HHRTC(I} * T(I) TABLOOS7
GO TO 24
25 CONTINUE TABLOO59
IF {H298HR.EQ.0.) GO TO 2009
24 HEAD1(B) = FF(11) TABLOO50
HEADI{9) = FF(13) TABLOO51
HEAD1(15)= FF(12) TABL 0052
HEADL({160)= FF(13)} TABL 0053
HEAD2{8) = FF{1T} TABLOO54
HEAD2( 14)= FF(18) TABLOOSS
HEAD2(15)= FF(19) TABLOOS6
GO TO 2010
c TABLO060
€560 TABLOO61
c TABL 0062

2008 HEADI{6) =FF(1l}

HEADL(T) =FF(13)
HEAD1(13) =FF(12)
HEADL( 14)=FF(13)
HEAD2(6) =FF(1T)
HEAD2(12) =FF(18)
HEAD2({13) =FF(19)

2009 HH29 = FF(10) TABLOO63
FH29 = FF(10) TABLOOGS
FNMT(5) = FF{6) TABL0065
FMT{8) = FMT(5) TABLO066

2010 IF (TEST(8)) GD TD 2020 TABLOO6T
H = FFL10) TABLOO6S
F = FF(10} TABLO069
FMT(9) = FF(9) TABLOO70
DO 2015 KK=18,19 TABLOOTL
HEADL(KK+1) = FF(10) TABLOOT72

2015 HEAD2(KK-1) = FF{10) TABLOOT3
HEADL(18) = FF(10) TABLOOT4



C570
c
2020

51

55
56

57
22

2130

2135

2120
250

399

2100

3000
4000

DO 3000 NTABLE = 1,2

IFI{TEST{8)) GD TO 55

WRITE (6,51)

FORMAT (30HONO HZERD VALUE IS AVATLABLE
GO TO 22
IFC.NOT.TEST(13)WRITE(6456) ASINDH
FORMAT (8HOHZERD = F12.3)
IF(TEST(13)) WRITE(6,57) ASINDH
FORMAY (BHOH298 = F12,3)
IF(NTABLE.EQ.1) WRITE(6,HEADL}
IF(NTABLE.EQ.2) WRITE(6,HEAD2)
FMT(10} = FMT(9])

LINES = LINES + 8

DO 399 I = 1., NT

IT = T(I)

FMT(2) = FF(1)
IFCAMOD(T(I)+1.0).EQ.0.}) GO TO 2130
TI = T(}})

FMT(2}) = FF(2)

ART = R*T(I)}

AR = R

IF (NTABLE.EQ.2) GO TO 2135

AR = .

ART = 1.

CP = CPRIII*AR

HH = HHRT(I) ® ART

S = (FHRT(I) + HHRT{I}) * AR

FH = FHRT{I) ® ART

IF (.NOT.TEST(8)) GO TO 2120

H = (HHRT(I}+ASINDH/R/TUL) }*ART

F = {(FHRT(I)-ASINDH/R/TII)}*ART

IF (H298HR .EQ. 0.) GD TO 250
HH29 = (HHRT(I)-H298HR/T(I)}*ART
FH29 = (FHRT(I)+H29BHR/TULI}}I®ART
WRETE (6,FMT) TI,CPyHHVHH29+S,FHFH29,H,F
LINES = L INES ¢+ 1

IF(LINES.GE.55) CALL PAGEID(LINES)
CONTINUE

CALL PAGEID{(LINES)

IF (NTABLE.EQ.2) GO TO 4000

DD 2100 I = 4,8
IF(FMTEI).EQ.FF(3)) FMTLI) = FFi4)
FMT(6) = FF(S)

IF(TEST(8)) FMT(9} = FF(8)
CONTINUE

RETURN

END

TABLOO78
TABL0O79
TABL0OOSO
TABLOOSB1
TABLOO26
TABLOO27
TABLOOZ8
TABL0O029
TABLO0030
TABLOO31

TABLOLl1l4
TABLO116
TABLO0082
TABL0O083
TABLOOBA
TABL0O85
TABLOOBS
TABLOOST
TABLOOSS
TABLOO8BY
TABL 0090
TABLOO91
TABLO0092
TABLO093
TABLO0O94
TABL 0095
TABL 0096
TABL 0097
TABLOO98
TABLOO099
TABLD 100
TABLO101
TABL 0102
TABLO103
TABLO104
TABLO105
TABLO106
TABLO?O7
TABLO108
TABLO109
TABLOL110
TABLOL111
TABLO113
TABLO117
TABLO118
TABLO119

62

65
67

70
T2

109
112
116

55



SUBROUTINE LOGK

LOGKoo01

COMMON NAME(2),SYMBOL{T0) ¢ATMWT(70) 4R,HCK,ELECTR, ICARD,INORD(5), LOGKOOO2

1 WORD(4) TEST(20) ¢WEIGHTFORMLA(S5) ¢MLA(5) ¢BLANK,ELEMNT{T70), LOGK00O3

2 NATOM/NT,CPRE202) sHHRT(202) « ASTNDOH,T(202) ,ASINDT4FHRT(202)+,LOGKOOO4

3 SCONST,NOATMS JMPLACE(TO0) LPLACE(T0) JNMLA{T0),NDFILE, LOGK0005

& SPECH, TAPE(202+3) s PTMELT,EXP {10}y TRANGE (10}, TCONST,NKIND, LOGKO006

5 NF,LINESyITRyNTMPoAG(T0),GG(70)sNIT,PI H298HR,IHEAT,JF{5) LOGKOOOT

Cc LOGK0008
€580 LOGK0009
c LOGKOO010
DIMENSION LMENT(4)},PT{4)¢ D(2,2,202),DH0(2) 4NTX(2)INIT(2),FF(10},L06K0011

1 MARK{6}» TK(3) ,FMTL(14),FMT2(14),FMTI(16)} LOGK0012
EQUIVALENCE (IT,TI) LOGKOO013
LOGICAL TEST LOGKOOL14
INTEGER ELEMNY, FORMLA, SYMBOL LDOGKOO1S5

DATA BLK/1H /, ZERO/1HO/, ZERO4/&H 0/, DS1/&4H———-/,082/3H-—-/ LOGKO0O16
DATALFFUI,I=1,7 J/42H(2H o(2H *#,F9.2y I643X,6XcA6+TXsA6,FL3.4,/,L0GK0017

1 (FUT1(J},3=3,8) /5HF8. 4,y I*6HF10.4¢9 2%6HF12.4./» LOGKOOL18

2 (FMT2UK}4K=>3,T7) /30HFB.4s F12.1+F12.44F12.19F13.147, L0OGK0019

3 (FAT3(L),L=1y16) /9LH(6Xe1HO s 6XybH-———~—39X41HO: TX¢A4sA3,9Xs1HO» LOGK0OO20

4 F15.1sF13.196Xy TH————=F13.1+6XsTH =3/ LOGK0021

S (FMT1(N)},M=12,13}/7H V70 IFMT2(N} ¢ N=12+14)/13H 17+,L0OGK0022

6 FF(9) /6HSX A6} /,FF(10) “4HF11.1)/ L0GK0023

IK =0 LOGKO024
FMT3{10) = FNT2(T) LOGK0025
FMT3(13) = FMT2(T) LOGK0026

DO 195 [I=1,NT LOGK0027

D0 195 LL=1,2 LOGK0028
D{LL,LsE) = HHRT(]) LOGK0029

DILLy 2,1} = FHRT(L) LOGK0030
INIT(LLY = 1 LO6GK0031
NTX(LLY) = O LOGK0032

195 DHO(LL)Y = ASINOH LOGK0033
[+ LOGK0034
C590 LOGK 0035
c LOGK0036
DO 200 Il = 1, NKIND LOGK0037

J = JF(IT} LOGK0038

[ L0OGK0039
C LL=1 FORMATION FROM THE ELEMENTS LOGK 0040
C LL=2 FORMATION FROM THE MONATOMIC GASES LOGK 0041
[ LOGK 0042
202 LL =1 LOGKO043
IFf {(NPLACE(J) .EQ. O} DHO(2) = BLK LOGKOO4&4

IF (LPLACE(J) .EQ. O) DHO(1) = BLK LOGK0045

1F (NAMEt1) .EQ. ELEMNT(J)) DHO(1l) = ZEROD4 LOGKO0046

IF (.NOT.TEST(3).AND.TEST{4) . AND. NDATMS.EQ.1) DHO(2) = ZERO4 LOGK0047
IF{DHO( 1) .NE.ZERDO4.AND.DHO{}) . NE.BLK} GO TO 505 LOGK0048
FMT3{10) = FF(6} LOGK0049

204 LL = 2 LOGK0050
IF(DHO(2) .NE.ZERD4.AND.DHO{2). NE.BLK} GO TO 505 LOGK0051
FMT3(13) = FF({6) LOGK0052

GO 70 501 L0GK0053

505 IF (LL.EQ.1} NN = LPLACE(N} LOGKOO0S54
IF (LL.EQ.2) NN = MPLACE(J} LOGK 0055
IF{NN.EQ.0) GO TO 501 LOGKOO0S56
REWIND 3 LOGK0O57

[+ LOGK0058
C READ EF DATA FOR REACTANY FROM TAPE LOGK0059
c LOGKO0060
CALL SKFILE (3,NN} LOGKO061

READ (3) NAM, HZERO, AMP, TNO LOGK0062

M = TND LOGK0063

READ (3) ((TAPE(K,L)y K=1oM)y L=1,3} LOGK 0064

SUB = MLACIIY LOGK0065

COEF = NMLA(J) LOGK0066
IF({LL.EQ.2) COEF=1 LOGKOO6T
OHOtLL )= DHO(LL )-HZERO*SUB/COEF LOGK0068

[4 LOGKO069
C FIND INDEX(NMP} FOR M.P.{AMP} OF REACTANT LOGK0070
c LOGK0071
IF (AMP.EQ.0.}) GO TD 1241 LOGK0072

DD 1505 K=1l.,M LOGK0O073

IF (TAPE(K,1}.LT.AKP) GO TO 1505 LOGKOO74

NMP = K + 1 LOGKOO7S

GO TO 1241 1L0OGKO0076

1505 CONTINUE LOGKOO77
c LOGKOO78
€600 LOGKOO79
c LOGK0080
1241 DO 206 1=1NT LOGK 0081
C L0O6GK0082
c FIND T IN EFDATA LOGK0083
c LOGK 0084
IF (1.EQ.1} GO TO 241 LOGK008S
IFIT(I).GT.AMP . AND.ANP.GE.T{1I~1)) GO TO 308 LOGX0O086

241 IF (TAPE(1,1) .LE.T(1}) GO TD 208 LOGKO0087
INITILL) = INITILL) + ) LOGKO08S

GO Y0 206 LOGK0089

c LOGX 0090
C MP OF REACTANT, PUT * IN MARK FOR FOOTNOTE LOGKO009L
c LOGK0092
308 IF (IK.LT.4) IK = IK+] LOGK0093
LOGK 0094

56

MARK(IKY = I

54
56
58



PTLIK) = ANP LOGK Q095
LMENT(IK) = ELEMNT(J) LOGK0096
GO TO 241 LOGK0097
208 K1 = 1 LOGK0098
TF ((AMP.EQ.0.).OR.INT(TNO).LE.NMP) GO TO 1208 LOGK0099
M = NMP LOGKOL00
IF (TCI).LT.AMP) GO TO 1208 L0GKO101
K1 = NMP LOGK0102
M = TNO LOGKD103
1208 DO 209 K=K1,M LOGKO104
TK(2) = TAPE(K,2) LOGKO10%
TK(3) = TAPE(K,3) LOGKO106
IF (ABS(TAPE(K,1}-T{I}) .LT.0.01) GO TO 211 LOGK0107
IF(TAPE(K,1).LT.T(I}) GO TO 209 LOGKO 108
F ({M-K1).EQ.0) GO TO 209 LOGKD109
c LOGKOL10
c610 LOGKOL11
c LOGKO112
C INTERPOLATION OF EF DATA LOGKOL13
C LOGKO114
N=4 LOGKO1LS
IF  {((M~K1).LT.3) N=M-Kl+1 LOGKO116
K2aK~2 LOGKO117
IF (K.EQ.K1) K2=K LOGKO118
IF (K EQ.(K1+1}) K2w=K=-1 LOGKOL19
NK = K24N-1 LOGKO120
DO 2000 L=2,3 LOGKO121
TKIL) = 0.0 LOGK0122
DO 2000 JJ=K2,NK LOGKO123
TRE1) = 1.0 LOGKO124
DO 1000 JM=1,N LOGK0125
IM=K 2+ JM~1 LOGK0126
IF (TAPE(JJ,1).EQ.TAPE (IM,1)) GO TO 1000 LOGKO127
TKE1Y = TKEL)®{TCI)I-TAPECIMy 1) ) Z( TAPECJJ o1 )-TAPE(IM,1}} LOGKO128
1000 CONTINUE LOGK0) 29
2000 TK(L) = TKIL)+TK(L)*TAPE(JSJ,L) LOGKO130
G0 TD 211 LOGKO131
209 CONTINUE LOGKO132
213 TFCINTXILL)AEQ 00 .ORECTI-LY LT.NTXELLIDD  NTXCLL)=I-1 LDGK0133
GO YO 500 LOGKO134
c LOGKO135
C CALCULATE DELTA H AND DELTA F LOGKO136
c LOGK0137
211 DILLo1eT) = DULLs 1,1 }=-TK(2)*SUB/COEF LOGKO138
DILLs2+1) = D(LLs2,T} = TK(3)*SUB/COEF LAGKO139
206 CONTINUE LDGKO140
500 IF (LL.NE.2) GO TO 204 LOGKO141
200 CONTINUE LOGKO 142
[ LOGKO143
€620 LOGKO144
[ LOGKO145
€ LIST HEADING OF FIRST TABLE LOGKO146
c LOGKO147
501 WRITE (64320) NAME(1)., NAME(2) LOGKO148
320 FORMAT (1H 2A6) LOGKO149
*F (.NOT.TEST(8)} GO TO 321 LOGKO15%0
IF (.NOT.TEST€13}) WRITE (6,322) ASINOH LAGKO151
322 FORMAT (8HOHZEROD = F12.3) LOGKO152
IF (TESTE13)) WRITE(6,323) ASINDH
323 FORMAT (8HOH298 = F12.3 )
321 WRITE (6,220 LOGKO0153
220 FORMAT{1H ,77X, 42HREFERENCE ELEMENTS GASEOUS ATOMS  ILOGKO154
IE({ NOT.TEST(13)) WRITE(6,205) LDGKO155
205 FORMAT{123H ¥ CP/R  (H-HO)/RT S/R  —(F-HO)/RT LOGKO156
1H/RT -F/RT DELTA H/RT -DELTA F/RT DELTA H/RT -DELTA F/LOGKO157
2RT ) LaGK0158
IF (TEST(13)) WRITE(6,1205)
1205 FORMAT(123H T CP/R  (H-H29B)/RT  S/R ~-(F=-H29B)/RT LOGKO156
1H/RT -F/RT DELTA H/RT -DELTA F/RT DELTA H/RT -DELTA F/LOGK
2RT ) LOGK
LINES = 10 LOGKO159
101 DO 229 NTABLE = 1,2 LOGKO0160
DO 600 I=1,NT LOGKO161
1T = TUI) LOGKO162
FMT1(2) = FF(4) LOGK0163
FMY2(2) = FF(4) LOGKO164
IF (AMOD(T(1),1.0).£0.0.) GO TO 103 LOGK0165
T1 = TN LOGKO166
FMTI{2) = FF(3) LOGKO 167
FMT2(2) = FF(3} LOGKO168
103 RT = RXT(I) LOGKO0169
HOORT = ASINDH / RT LOGKO17C
SR = FHRT(I) + HHRT(I} LOGKOL71
HRT = HHRT(I) + HOORT LOGKO172
FRT = FHRT(I) — HOORT LOGKO173
IF (NTABLE .EQ.2) GO TO 18 LOGKO174
c LOGKOLTS
C630 LOGKOL76
c LOGKOL77
b =9 LOGKO178
DO 803 LL=1,2 LOGKO179
B8Z = ZERO LOGKO 180
IFtDHO(LL).EQ.2ZERD4} GO TO 26 LOGKO181

196

200
202
204
205

207

57



58

L0OGKOL182

BZ = BLK
IF{DHO(LL) .EQ.BLK)} GO TO 26 LOGKO183
TFLOEaGTNTX(LLYAND NTX{LL)4NE.O) . OR.I.LT.INITI(LL)Y GO YO 26 LOGKO184
D{tLs1s1) = D(LL,1,T) + DHO(LL)/RY LOGKO185
D{LL+2¢1) = D(LL,2+1) — DHOCLL)/RT LOGKO186
FMYLILD) = FMTL(T) LOGKO187
GD TO 803 LoGkOol8s
26 D{LLe+l.1) = BZ LOGKO189
DELL,2.1) = B2 L0GKO190
FMT1LLD)} = FF(5) LOGKO191
803 b = 11 LOGKO192
FMT1(10) = FMT1(9) L0OGKO0193
FMT1(12) = FMTL(11} LOGKO0194
GO TO 217 LOGK0195
c : LOGKO196
C640 LOGKO0197
c LOGKO198
C LOGKO199
C CALCULAYE DIMENSIONAL PROPERTIES, DELTAH, AND LOGK LOGK0200
c L0O6K0201
18 CP = CPR(I}) & R LOGKO0202
HH = HHRTEI} * RT LOGK0203
S = SR *R LOGKO0204
H = HRT * RT LOGK0205
FH = FHRT{I) * RT LOGK0206
F = FRT * RT LOGK0207
DO 402 JX = 8,11 LDGK 0208
402 FMY2(J3X) = FF(6) LOGK0209
LD = 8 LOGKO0210
DO 404 LL=1,2 LOGKO211
IF(D(LL,1,1).EQ.BLK) GO TO 404 L0G6GK0212
IF(DILLy1,1}.NE.2ERO)} GD TO 403 LOGK0213
DiLL, 1,1} = ZERO4 LOGKO214
D{LL.2,1) = ZERD4 LOGKO215
GO TO 404 LOGKO216
403 D(LLy2,1) = DiLL,2,11/2.3025851 LOGKO217
O(LLysly1) = DULLsYeI¥*RY LOGKO218
FMT2{LD) = FMT2(T7) LOGKO219
FMT2(LD+1) = FF(T7) LOGK0220
404 LD = 10 LOGK0 221
217 FMTU(1) = FF(1) LOGK0222
If (IK.E0.0) GO TD 2999 LOGK0223
DO 104 IX = 1,1IK LOGKO0224
IF {MARK(IX).EQ.I)} FMT1(1) = FF(2) LOGK 0225
104 CONTINUE LOGK0226
2999 FMT2(1) = FMT1(1) LOGKO227
IF (NTABLE .EQ.2) GO TO 235 LOGKO228
WRITE(6+FMTL) TILCPRUI)HHRTIL}SR,FHRT(I), LOGK0229
1 HRTe FRTy (DILL1eI}sDULLs2,1}siL=1,42) LOGKO0230
60 T0 236 LOGK0231
235 WRITE( 6o FMT2)ITI CPoHH,SoFHoH,, { (DILL,KKoI ) ,KK=142)4LL=1,2) LOGK0232
236 LINES = LINES+1 LOGKO0233
IF (AMOD(T{1),500.0).NE.0.0} GO TO 600 LOGKO234
WRITE (6.237) LOGK0235
237 FORMAT (1H ) LOGK 0236
LINES = LINES+1 L0GK0237
600 IF{LINES.GE.55) CALL PAGE ID(LINES) LOGK0238
c LOGK0239
€650 LOGK0240
C LOGK0241
102 IF (IK.EQ.0) GO TO 601 LOGK0242
c LDGKO243
C WRITE FOOTNOTE LOGKO244
c LOGKO245
WRITE (64265) LOGKO246
265 FORMAT( 114H0*A CHANGE IN PHASE OF AN ASSIGNED REFERENCE ELEMENLOGKO247
1T HAS OCCURRED BETWEEN THIS TEMPERATURE AND THE PRECEDING ONE, 1LOGK 0248
WRITE (6,267) (LMENT(I), PT(I}, T=1,1IK)} LOGK0249
267 FORMAT (1H A643H-- FB8.3, 4H ) LOGKO250
LINES = LINES + & LOGK0251
601 CALL PAGEID (L INES) L0GK0252
IF (NTABLE .EQ.2} RETURN LOGKO253
c LOGK0254
€ WRITE HEADING OF 2ND TABLE AND PROPERTIES FOR O DEGREES LOGK0255
C LOGK0256
LINES = 7
WRITE €6+320) NAME(1), NAME(2) LOGKO257
WRITE {6.220) LOGKD258
IF(.NOT.TEST{13)}) GO TO 1221
WRITE(6,3221)
3221 FORMAT(120H T cp H-H298 S -{F-H298L0OGK0260
1) H DELTA H LOG K DELTA H LOG K ILDGKO261
G0 TO 229
1221 WRITE (6,221} LOGK0259
221 FORMAT{(120H T cp H-HO s -{F-HO)LOGK0260
1 H DELTA H LOG K DELTA H LOG K JILDGKO261
S1 = DS1 L0GK0262
§2 = DS2 LOGKO263
IF {TEST(4)) GO TO 1230 LOGKO264
S1 = 2ERO4 LOGK0265
$2 = BLK LOGKO266
1230 WRITE (6,FMT3) S1,S2,ASINDH, DHOt1l), DHO(2) LOGKO268
229 CONTINUE
RETURN 1L0GK0269
END LOGK0270

312
322

335

338

343

344

351

355
356

359

361

365



€660

7
c
€670

SUBROUTINE LEAST

COMMON NAME(2), SYMBOL(T0) s ATMWT{70) yRyHCK,ELECTRy ICARD INORD(5),
WORD(4) o TEST(20) 4WEIGHT y FORMLA(S) JMLA{5) (BLANK,ELEMNT(70), LEAS0003
NATOM,NT,CPR{202) HHRT{ 202) yASINDH, T(202) yASINDT . FHRT(202), LEASD00%&

SCONST+sNOATMS s MPLACE (T0) 4 LPLACE{T0) yNMLALT0) (NOFILE,

NP WUN -

NF L INES(NTRANG+sNTMP4AG(T0)+GG{TO),NIT

COMMON/PCH/LEVEL o NF1oNF2,ANS(9+15) 4y TCL10) JNTCoNFP+ LDATE¢NNNoNLAST

DIMENSION A(15,16), ANSTPY{15) +F{4)FC{4),ERR(4),
1TOTERR(4) 4 TOTREL{ &), TOTSQ( 4}, TOTSOR{4) ,AVERR{(4&),

2AVREL (4) yAVSQ{4 ), AVSQR (%) ;MAXERR (4) s MAXREL (4) s TMAX {4}, TMAXRL( &),

3RELERR{ &)

LOGICAL TEST

REAL MAXERR,MAXREL

WRITE (642}

FORMAT (1H // 14H LEAST SQUARES +//)
LINES » 7

DD 31 = 1,3

D0 34 = 1,15

ANS(I,4) = 0.0

IF (NF .NE. 0 ) GO TO 6

NF = 5

DO 41 = 1,5

EXP(I) = 1 -1

NF1 NF+1

NF2 NF+2

NF3 NF+3

NF& NF+4

NES = NF+5

NF6 = NF+6

IDONEA = O

IDONEB = O

IDONET = O

IDONES = 0

ICONST = O

IF (TCONST .NE. 0.0) GO TO 7
TCONST = 1000.

IF (PTMELT .NE. 0.0) TCONST = PTMELT
IF(NTRANG.EQ.0) GO TO 1006

C SORT IN INCREASING DRDER TEMPERATURES SPECIFYING INTERVALS
c

8
9
10

11
12

13

14
1006

1007

24

c

C680

c
1023

1028
1032
1035

1038

J =1

M=

DO 12 I=J,NTRANG

IF (TRANGE (M)-TRANGE(I}) 12,12,11
M=

CONT INUE

IF (M-J) 13,14,13

TEMPY = TRANGE(M)

TRANGE(M)} = TRANGE(JS)

TRANGE(J )} = TEMPY

G0 TO 10

J = g+l

IF (NTRANG-J; 1007,1007,9
TRANGE(1) = 300.0

TRANGE(2) = 1000.

TRANGE(3) = 5000.0

NTRANG = 3

DD 24 I = 1, NTRANG

TCLI) = TRANGEC(I)

NTC = NTRANG

SAVEC = TCONST
IF{TCONST.GT.TENLAST) ) TCONST =TINLAST)
IF (NNN.EQ.1}) GO TO 1023

IF {T(NNN-13.EQ.T(NNN).DR.TCONST.LT.T(NNN)) TCONST=T(NNN)

K = NTRANG - 1

TF ((TRANGE(1).GE.T(NNN}-.00001).AND. {TRANGE{NTC).LE.TINLAST}+
1 -00001)) GO YO 1021

LINES = LINES ¢ 2

00 1028 [ = 1,K

IF {TRANGE{I).GE.T(NNN}~.00001}GO YO 1035

IF (TUNNN).LT.TRANGE(I + 1) -.00001) GO TO 1032
IDONES = IDONES + 1

CONTINUE

TRANGE{I) = TINNN)

DO 1038 [ = 1.K

IK =K + 2 -1

IF (TRANGE{ IK}.LE.T{(NLAST) +.00001) GO TO 1021

IF (T(NLAST) .GT. TRANGE(IK~-1) +.00001) GO TO 1042
NTRANG = NTRANG - 1

CONT INUVE

SPECH, TAPE(20243) yPTMELT4EXP(10) « TRANGE(10) s TCONST  NKIND,

LEASO0O01
LEAS0002

LEAS0005
LEAS0006
LEASO007

LEAS0009
LEASO010
LEASO011
LEAS0012
LEAS0013
LEASO014
LEASOOLS
LEASO016
LEASO017
LEASO018
LEASOO19
LEAS0030
LEAS0021
LEAS0022
LEAS0023
LEAS0024
LEAS0025
LEAS0026
LEAS0027
LEAS0028
LEAS0029
LEAS0030
LEAS0031
LEAS0032
LEAS0033
LEAS0034
LEAS0035
LEAS0036
LEAS0037
LEAS0038
LEASO044
LEAS0045
LEASO046

LEASQO47
LEAS0048
LEAS0049
LEAS0050
LEAS0051
LEAS0052
LEAS0053
LEAS0054
LEASO055
LEASOQ056
LEASO0S57
LEAS0058
LEAS0059
LEAS0060
LEAS0061
LEAS0062
LEASQ063
LEASQ040
LEAS0041
LEASQ042
LEASO0043
LEAS0064
LEAS0065
LEAS 0066
LEAS0067

LEASOO88
LEAS0089
LEAS0090
LEASO104

LEASO110
LEASO111
LEASOL12

LEASOL14
LEASO115
LEASO116
LEASOL17
LEASOL118

LEASOL121
LEASO122

59



60

1042

GO TO 1021
TRANGE(IK) = TI(NLAST)

[
C LOCATE TEMPERATURE CONSTRAINTS

1021

17

18
1018
1017

c

DO 17 I=1.NTRANG
IF(ABS{TRANGE(T)}-TCONST).LT.0.00001) GO TO 1017
IF {TRANGE{I).GT.TCONST) GO TO 18

CONTINUE

GO 7D 1018

I =1-~1

TRANGE(I ) = TCONST

ICONST = 1

C ADJUST TEMPERATURE INTERVALSs IF NECESSARY
c

21
23

25

27

28

40

41

DO 21 I=NNN,NLAST

IF (ABS{T{I)-TCONST).LT.0.00001) GO TO 23
CPRCON = CPR(I

HHRTCN = HHRT(I)

SRCON = FHRT{I) + HHRT(I)

ALL INTERVALS ARE COMPLETE., RETURN TO MAIN. OTHERWISE LOCATE
CONSTRAINT TEMPERATURE AND CURRENT INTERVAL END POINTS.

ILOW = ICONST-IDONEB-1

IF({ILOW-IDONES }.£Q.0) GO TO 27

TFIX = TRANGE tILOW+1)

GO TO 28

TLOW = ICONST+IDONEA

IF (ILOW.EQ.NTRANG) GO TO 900

TFIX = TRANGE( ILOW)

IF {ABS(TFIX-TCONST).GT.0.00001) GO TD 40
CPRFIX = CPRCON

HHRTFX = HHRTCN

SRFIX = SRCON

DO 41 TI=NNN,NLAST

IF (ABS{T{I)-TRANGE(ILOW}).LT.0.00001) GO TO 44
CONTINUE

WRITE (6,42}

LEASO123
LEASO124
LEAS0092

LEAS0094
LEAS
LEAS0095

LEASO100

LEASO0127
LEASO128
LEASO133
LEASO134
LEASO135
LEASOL36
LEASOL137
LEASO138
LEASO139
LEASO140
LEASOL141
LEASOL42
LEASOr43
LEASOl44
LEASO145
LEASOL46
LEASO147
LEASOL148
LEASO149
LEASD150
LEASO1S51
LEASO152
LEASOL53
LEASOL154
LEASO155
LEASO156

42 FORMAT (95H LEAST SQUARES NOT COMPLETED. INTERVAL TEMPERATURES NOTLEASO157

46

46

48
c
c700

1 FOUND IN TEMPERATURE SCHEDULE. C690 )

GO TO 1000

NBEGIN = I

DD 46 I=NBEGIN,NLAST

IF (ABS{TUI)-TRANGE(ILOW+1}).LT.0.00001) GO TO 48
CONTINUE

WRITE (6,42}

NEND = [

C
C CLEAR MATRIX REGION
c

50
51
c
C SET
c

80

83

85

89

90

00 51 1I=1,NF5
DD 51 J=1,NF6
All.d) = 0.0

UP MATRIX ELEMENTS FOR DIAGONAL AND ABDOVE FOR FIRST NF RONWS

K =1

00 S00 I=1,NF

IF (EXP{I).NE.(-1.0)) GO TO 85

A(I,NF3) = 1.0/TFIX

ALToNF&) = ALOGITFIX)}/TFIX

A{I,NF5) = ~1.0/TFIX

DO 83 t=NBEGIN,NEND

AUT«NFL) = ACL NFLI+ALOGITILI I Z(TLLI*TILY)
A(I,NF2) = A(I,NF2)-1.0/T(L}

SR = FHRTI(L) + HHRT(L}

AULLIsNF6) = AUIWNF6) + (CPRILISHHRT(LYI*ALOGI(T(L) )-SR V/TeLY
G0 TO 99

iIF {EXP{1).NE.0Q.0}) GO TO 90

A({I+NF3 ) = 1.0

A{I+NF4 ) = 1.0

ACI NFS) = ALOG(TFIX)

DD 89 L =NBEGIN.NEND

ACT.NFL) = A(IJNF1) ¢ 1.,0/T(L)

AUILNF2) = A(IJNF2} ¢ ALOGC(T(L))

SR = FHRTIL) 4 HHRT(L)

A(TNF6) = ALI«NF6) + CPRILIHHHRT(LI+SR SALOG(TILY)
GO YO 99

ACI NF3 ) = TEIXsREXPLY)
AtI.NF&) = ALT,NF3)/(EXPL{I)+1.0}
ALTNFS) = ACT,NF3)/EXPLI)

LEASO158
LEASO159
LEAS0160
LEASO161
LEASO162
LEASOL63
LEASO164
LEASO165
LEASO1566
LEASOL67
LEASO168
LEASO169
LEASOL170
LEASO171
LEASO172
LEASOLT3
LEASOL74
LEASOLr75
LEASOL76
LEASO0177
LEASOL178
LEASO179
LEASOl80
LEASO181
LEASOLl82
LEASO183
LEASOL184
LEASO185
LEASOL86
LEASO0187
LEASO188
LEAS0189
LEASO190
LEASO191
LEAS0192
LEASO193
LEASO194
LEASO195
LEASO196
LEASO197
LEASO198
LEAS0199
LEAS0200
LEASO201
LEAS0202
LEAS0203

203

217

239

245

257

2719
286

295



D0 92 L=NBEGIN,NEND
A(T4NFL) = ACISNFLITIL)**(EXP(I}-1.0)/7(EXP(TI}+1.0}
ACINF2) = ACTISNF2)4{TIL)**EXP (1)} )/EXPLI)
SR = FHRTI(L) + HHRT(L)}
92 A(LI,NF6) = AULTSNF6)+(CPRELI+HHRTI(LI/Z{EXP(L)+1.0)4SR /EXPLI})
LE(T(LI**EXP(I)})
c
c710
c
99 DO 400 J=K.NF
100 IF (EXP(I1+¢1.0) 130,105,130
105 IF (EXP(J)+1.0) 115,110,115
110 DO 112 L =NBEGIN,NEND
112 AlTed) = ACT, 3V 40 2.04ALOGITIL) )*ALOGLTELDI I/ CTLLI*TIL))
GO TD 400

115 IF (EXP{J}) 125,120,125

120 DO 122 L=NBEGIN,NEND

122 Al1,3) = A(TI.J) & 1.0/T(L)
GO TO 400

125 EXPIJ = EXP(J)

126 DO 127 L=NBEGIN,NEND

127 A{1,d) = ALL.J) & ((EXPIJ-1.0) /EXPIJ+ALOGITI(L) )}/ (EXPII+1.0))/
IT(L)I**(EXPIJ-1.0)
GO 7O 400

130 IF (EXP(J) ¢ 1.0} 145,135,145
135 IF (EXP(I))} 140,120,140
140 EXPIJ = EXP(I)

GO TO 126

145 IF (EXP(J)) 165,150,165

150 IF (EXP(I)) 160,155,160

155 DO 157 UL=NBEGIN,NEND

157 AlL4d) = A(IsJ) + 2.0+ALOGITIL))*%2
GO TO 40vu

160 EXPIJ = EXPII)

161 DO 163 L=NBEGIN,NEND

163 AlI,sd) = Al(leJ} + ((EXPIJ+2.0)/(EXPIJ+1.0)¢ALOG(TIL)I/EXPLJ)
1 *T{LI**EXPILY
GO TD 400

165 IF (EXP(I)) 175,170,175

170 EXPly = EXPlJ)
GO TO 161

175 DO 177 L = NBEGIN,NEND

177 A(IsJd) = AL14I)6{1.041.0/70LEXPITI}+1.0)*(EXPLII+1,0})
2+ 1.0/CEXPUIN®EXP () ) V& TILIS®(EXP(IV+EXPII))

400 CONTINUE
500 K = K+1

SET UP MATRIX FOR DIAGONAL AND ABOVE FOR REMAINING ROWS

o000

DD S10 L =NBEGIN,NEND
A(NFL,NF1) = A(NF1,NFL1} ¢ 1.0/(TCLI*T(L))

AINFl,NF6)} = A(NFL,NF6) + HHRTI(L)/TIL)
AUNF2,NF2) = A(NF2,NF2) +# 1.0
510 AINF2,NF6) = AINF2,NF6) ¢+ FHRT{L) + HHRTIL)

AUNFL NF&) = 1.0/TFIX
A{NF2,NF5} = 1.0
A{NF3,NF6) = CPRFIX
A(NF&,NF6) = HHRTFX
A{NFS5,NF6) = SRFIX

[

c720

c
C COMPLETE THE MATRIX BY REFLECTING SYMMETRICAL ELEMENTS ABOVE DIAGONAL
c
K =2
00 520 I=1.NF4
DO 518 J=K,NFS
518 AlJe I} = ALL,J)
520 K = K+1

c
C SOLVE THE MATRIX.
c

N=NFS
DD 551 I=L,N
551 ANSTPY{(I} = 0.0
00 560 I=1,N
D0 557 J=IsN
AlT.J¢1) = A(R.J+2)/7AC1,1)
IF (I-N) 557+:570,557
557 CONTINUE
K=l+1

LEAS0204
LEAS0205
LEASO206
LEAS0207
LEAS0208
LEAS0209
LEAS0210
LEASO211
LEAS0212
LEAS0213
LEASO214
LEASO215
LEASO216
LEASO217
LEASO218
LEAS0219
LEAS0220
LEAS0221
LEAS0222
LEAS0223
LEAS0224
LEAS0225%
LEAS0226
LEAS0227
LEAS0228
LEAS0229
LEAS0230
LEAS0231
LEAS0232
LEAS0233
LEASO0234
LEAS0235
LEAS0236
LEAS0237
LEAS0238
LEAS0239
LEAS0240
LEAS0241
LEAS0242
LEASO0243
LEASO244
LEAS0245
LEAS0246
LEASO247
LEASO248
LEAS0249
LEAS0250
LEASO251
LEAS0252
LEAS0253
LEAS0254
LEAS0255
LEAS0256
LEAS0257
LEAS0258
LEAS0259
LEAS0260
LEAS0261
LEAS0262
LEAS0263
LEAS 0264
LEAS0265%
LEAS0266
LEAS0267
LEAS0268
LEAS0269
LEAS0270
LEASO0271
LEAS0272
LEAS0273
LEASO274
LEASO027S
LEASO0276
LEAS0277
LEAS0278
LEAS0279
LEAS0280
LEAS0281
LEAS0282
LEAS0283
LEAS0284
LEAS0285
LEAS0286
LEASO287
LEAS0288
LEASQ289
LEAS 0290
LEASO291

308
312

325

372

411

435

346

374

413

61



62

c
c

558
560
570

571

572
573

580
581

Cc
€730
CALCULATE FROM THE LEAST SQUARES COEFFICIENTS VALUES OF CP/RsH-HO/RT,

c
C
c
C
o4
c

S/RyF~HO/RTs AND THE ERRORS AND RELATIVE ERRORS IN THESE AT EACH
TEMPERATURE. ALSO THE AVERAGE ERROR, AVERAGE RELATIVE ERROR.,

DO 558 II=K.N

DD 558 JJI=I.N

AlI1,30+41) = =A(TL+ID#A(E,80+1) + A(Il,.J3+1)
CONTINUE

ANSTPY(N) = All,J+1)
IF {N-1) 571,580,571
J = N-1

=9

D0 $73 I=1,I11

K = J¢&l

DO 572 MM=1,]1

ANSTPY(J) = ANSTPY(J) + ANSTPY(K)*A(J,4K)}
K = K+1

ANSTPY{JS) = AlJ4K) - ANSTPY{J)

JuJ~1

DO 581 I=1,NFS5
ANS{ILOW,1) = ANSTPY(I)

LARGEST ERROR AND LARGEST RELATIVE ERROR.

WRITE (6+602)

LEAS0292
LEAS0293
LEAS0294
LEAS0295
LEAS0296
LEAS0297
LEASO0298
LEAS0299
LEAS0300
LEAS0301
LEAS0302
LEAS0303
LEASO304
LEAS0305
LEAS0306
LEAS0307
LEAS0308
LEASO0309
LEASO0310
LEASO311
LEASO312
LEASO313
LEASO314
LEASO315
LEASO316
LEASO317
LEASO318
LEASO319

602 FORMAT { 1HO, 7X+ 1HT s 6X¢ LOHCP/R INPUT¢4X+IHCP/R CALC+5X 4 L1HHH/RT INLEAS0320
1PUT ¢ 3Xy 10HHH/RT CALC¢6Xo9HS/R INPUT+5Xy8HS/R CALC+6X+12H-FH/RT INPLEAS0321

2UT+4Xy 11H-FH/RT CALC )
WRITE (6,603)

LEAS0322
LEAS0323

603 FORMAT (1H 414X, LOHINPUT-CALC+5Xy BHFRACTION65 Xy LONINPUT-CALC+4XyBHLEAS0324
1FRACTION, 7X¢ LOH INPUT-CALC,5X s BHFRACTION, 7X, LOHINPUT ~CALC »4 X+ BHFRACLEAS0325

605

C
C740

610

616
618

705
T06

707

1619

2TION)

LINES = LINES ¢ 3
D0 605 1I=1.4
TOTERR(I) = 0.

TOTRELC(I) = 0.
TOTSQR(I) = O.
TOTSQ (1) = O.
MAXERR(I) = 0.
MAXREL(I) = O.

TMAX(I}) = O.
TMAXRL(I) = 0.

DO 635 L=NBEGIN.NEND
Fl1) = CPR(L)

F(2) = HHRT(L)

F(3) = FHRT(L) + HHRT(L)
F(4) = FHRT(L)

FC(1) = 0.

FC(2) = ANSTPYINFL)I/TIL}
FC{3) =ANSTPY(NF2)

DO 618 I=1.NF

TP = T{LI**EXP(I)

IF (EXP{I}.NE.(-1.0)) GO TO 610

FCi{2) = FCU{2)+ANSTPY(I)*ALOGE(T(L)}/TIL)
GO TO 616

FC(2) = FCL2)+ANSTPY(I)*TP/(EXP{I}+1.0}
IF (EXP(I).NE.0.0) GO TO 616

FC(3) = FC(3)+ANSTPY(IDI®*ALOG(T(L))

G0 To 618

FC(3) = FC(3)+ANSTPY(I)*TP/EXP(L)

FC{1) = FC(1) + ANSTPY(I)=TP

FCl4&) = FCU3)-FC(2)

IF (L .NE.NBEGIN.OR.TRANGE(ILOW).GE. TCONST) GO TO 705
IDONEB = IDONEB + 1

GO TO 706

IF (L NE.NEND.OR.TRANGE(ILOW).LT.TCONST) GO TO 707
IDONEA = TOONEA + 1

CPRFIX = FC(1)

HHRTFX = FC{2)

SRFIX = FC(3)

D0.622 1I=1l,4

ERR{I) = FII)-FC(I)

ABSERR = ABS{ERREI})

TOTERR(1) = TOTERR(I)+ABSERR

TOTSQ (1) = TOTSQ (1)+ABSERR®ABSERR

IF(F(I).NE.O.) GO TO 619

WRITE(6,1619)

FORMAT (52H0) ERROR IN DATA. LEAST SQUARES NOT COMPLETED,

G0 TQ 1000

C740

LEAS0326
LEASO0327
LEAS0328
LEAS0329
LEAS0330
LEASO0331
LEAS0332
LEAS0333
LEAS0334
LEAS0335
LEASO0336
LEAS0337
LEAS0338
LEAS0339
LEAS0340
LEAS0341
LEAS0342
LEASO0343
LEASO344
LEAS0345
LEAS0346
LEASO347
LEASO0348
LEAS0349
LEAS0350
LEASO0351
LEAS0352
LEAS0353
LEAS0354
LEAS0355
LEAS0356
LEAS0357
LEAS0358
LEAS0359
LEAS0360
LEASO361
LEAS0362

LEAS0363
LEASO364
LEAS0365
LEAS0366
LEASO367

553

554

584

590

602

636



619 RELERR{I)} = ERR(I}/F(I) LEASO0368

ABSREL = ABS(RELERR(I)) LEAS0369
TOTREL(I) = TOTREL{I)+ABSREL LEAS0370
TOTSQR(I) = TOTSOR{I} + ABSREL*ABSREL LEASO371
IF (ABSERR.LT.MAXERR{I}) GD TO 620 LEAS0372
MAXERR(I) = ABSERR LEAS0373
TMAXCT) = T(L} LEAS0374

620 IF (ABSREL LT. MAXRELCI}) GO TO 622 LEASO37S5
MAXREL (1) = ABSREL LEASO376
TMAXRL (1) = TCL) LEASO377

622 CONTINUE LEAS0378

c LEAS0379
WRITE (646250 TOL),CPRILI<FC(LYHHRTIL) «FC(2)¢F(3)s FCU31,F(&4)s LEAS0380

1FCL &) LEASD381

625 FORMAT (F12.242F13.752Xs2F13.7¢2X,2F14.7+2Xs2F14.71 LEAS0382
WRITE (64627 1(ERR(I),RELERRII) oIx14) LEASD383

627 FORMAT ( 12X 32F13.742Xs2F13.7¢2X+2F14. 742X, 2FL4.T) LEASO384
LINES = LINES + 2 LEAS0385
IF (LINES .GE.55) CALL PAGEID (LINES) LEAS0386

635 CONTINUE LEAS0387

c LEAS0368

c7s0 LEAS0389

c LEAS0390
POINTS = NEND-NBEGIN + 1 LEAS0391
DO 640 I=1.4 LEAS0392
AVERR(I} = TOTERR{I}/POINTS LEAS0393
AVREL(T) = TOTREL(I)/POINTS LEAS0394
AVSQ(I) = SQRT(TOTSQ{I}/POINTS) LEAS0395

640 AVSOR(I) = SQRT(TDTSQR(I}/POINTS) LEAS0396

c LEAS0397

c LEAS0398
WRITE (6,641) MAXREL (1), TMAXRL (1) sAVREL (1) ,AVSQR(1) LEAS0399

641 FORMAT (3X+19HMAX-REL ERR CP/R =eF10.6,4X,6HTEMP =«FT.046X+20HAVELEAS0400
1R REL ERR CP/R =,F10.6s6Xs22HREL LST SO ERR CP/R =sF10.6) LEAS0401
WRITE (6,6421 MAKREL(2),TMAXRL(2) s AVREL (2) sAVSQR{2) LEAS0402

642 FORMAT 13X, 9HMAX REL ERR HH/RT =oFL0.6+4X¢6HTEMP =4F7.0,6Xs 20HAVELEASO403

IR REL ERR HH/RT =,FL0.656Xs22HREL LST SQ ERR HH/RT =4F10.6) LEAS0404
LINES = LINES ¢ 2 LEAS0405

IF (LINES .GE.5S5) CALL PAGEID (LINES) LEAS0406
WRITE (6,643) MAXREL(3),TMAXRL (3] ,AVREL (3) ,AVSQR(3) LEAS0407

643 FORMAT (3X,19HMAX REL ERR S/R  =¢F10.60¢4XKs6HTEMP =,F7.046X, 20HAVELEAS0408
IR REL ERR S/R  =oF10.6¢6X,22HREL LST SQ ERR S/R  =+F10.6) LEAS0409
WRITE (6, 644) MAXREL(4)s THAKRL (4] s AVREL (4) sAVSQR{4) LEAS0410
644 FORMAT (3X,19HMAX REL ERR FH/RT =,F10.6,4Xe6HTEMP =4F7.006Xs20HAVELEASOSLL
IR REL ERR FH/RT =,F10.6:6Xs22HREL LST SQ ERR FH/RT =,F10.6 ) LEASO412
LINES = LINES ¢ 2 LEASO413

IF (LINES .GE.55) CALL PAGEID (LINES) LEASO414
WRITE (6,645) MAXERR(1), TMAX(1),AVERR{1},AVSQ(1) LEASD415

645 FORMAT (7Xy I5HMAX ERR CP/R =oFLl0u69&XsGHTEMP. =, F7.0,10K. 16HAVER ELEASO416
IRR CP/R =4 F10.64 10X, 18HLST SQ ERR CP/R =,F10.6) LEAS0417
WRITE (6.646) MAXERR(2),TMAX(2),AVERR(2),AVSQ(2} LEAS0418

646 FORMAT €T+ 15HMAX ERR HH/RT =5FLO.6+4Xe 6HTEMP =4FT.0+10Xs16HAVER ELEASO419
IRR HH/RT =,FL0.6e10X, 18HLST SQ ERR HH/RT =,F10.6) LEAS0420
LINES = LINES + 2 LEAS0421

IF (LINES .GE.55) CALL PAGEID (LINES) LEAS0422
WRITE (6,647) MAXERR(3}.TMAX(3),AVERR (3),AVSQ(3) LEAS0423

647 FORMAT {TXy15HMAX ERR S/R  =oFLO.6+4Xs6HTEMP =,£7.0+10X,16HAVER ELEASD424
IRR S/R =, F10.6+10K, 18HLST SQ ERR S/R  =,FL0.6) LEASO425
WRITE (6,648) MAXERR(4),TMAX(4)¢AVERR(4),AVSQ(4) LEAS0426

648 FORMAT (7Xy LSHMAX ERR FH/RT =,FLl0.604Xs6HTEMP =,FT.0,10Xs16HAVER ELEAS0427
IRR FH/RT =, F10.64 10Xs18HLST SQ ERR FH/RT =,F10.6 ) LEAS0428
LINES = LINES + 2 LEAS0429

IF (LINES .GE.S55) CALL PAGEID (LINES} LEASO430
WRITE (656500 (ANSTPY{L} EXP(I}oT=1,NF] LEAS0431

650 FORMAT ( BH CP/R = y5(1PEL6.7+3HT4%,0PF4.1)/8X+5(1PEL6. T, 3HT #%,0PFLEAS0432
164191 LEAS0433
LINES = LINES + 2 LEASO434

IF {LINES .GE.55) CALL PAGEID {LINES) LEAS0435
HRTC = ANSTPYINF1) + ASINDH/R LEASO0435
WRITE (6,660) ANSTPYINF1), HRTC, ANSTPY(NF2) LEAS0437
660 FORMAT (21H (H-HO)/R CONSTANT = ,E15.8, 20H, H/R(A6} CONSTANT = LEAS0438
1 E15.8, 16He S/R CONSTANT = E15.8 ) LEAS0439
LINES = LINES + 2 LEAS0440

IF (LINES .GE.S5) CALL PAGEID (LINES) LEASO441

G0 T0 25 LEAS0455

c LEASO442

€760 LEAS0443

c LEASO444

900 SAVEL = LEVEL LEAS0456
LEVEL = NTC-1
NFP = NF LEAS0457
CALL PUNCH LEASO458

LEVEL = SAVEL
1000 DO 980 I = 1.NTC

980 TRANGELI) = TC(I) LEASO463
NTRANG = NTC LEASO%464
TCONST = SAVEC LEASO0465
RETURN
END LEASO4T1

662
666

674

687

691
694

695

698
699

700

703

704

705

708

T09

710

713
s

724
127

732

738

63



SUBROUT INE PUNCH

c
C PUNCH COEFFICIENT CARDS FOR PERFORMANCE PROGRAM

RPN -

€770

44

COMMON NAME{2},SYMBOL (70) ,ATMRT(T70) ¢RyHCK,ELECTR, ICARD+IWORD(5) o
WORD(4), TEST( 20}, WEIGHT FORMLA(S) , MLALS) s NPLUS, ELEMNT{70),

SCONST.NOATMS , MPLACE(70) yL PLACE(TO0) yNMLA{70) ,NDFILE,
SPECH, TAPE{ 202,3) yPTMELT,EXP(10), TRANGE{10) ;,TCONST NKIND,
NFsLINES,ITR.NTMP,AG{70),GG(70}NIT,PI

COMMON /PCH/ K NF1l, NF2, ANS{9+15),TC{10), NTC,NFP,DATE,NNN,NLAST

DIMENSION DAT (23).MAL6)

LOGICAL TYEST

EQUIVALENCE (DAT(1),NDATALl)}, (DAT{2),NDATA2)

DATA MA(1)/0007T7TT7771777/+ LIQUID/6HLOO000/,MAL2)/70TTO0TTITTITTIT/,
IMA{3)/0TTTTOOTTTTITT/ +MAL4)/OTTTTTTOOTTITT/NALS)/OTTTTTTITITO0T7/
2MAL6)/DTTTTTITTTT00/9BLANK/LIH /

DO 44 1A = 1,K

IF(ANS(TA,1).NE.O.O)ANS(IA,NFL1) = ANS(IA,NF1) + ASINDH/R

NDATA1 = NAME(1}

NDATA2 = NAME(2)

DAT(3) = PI

DAT(4) = TC{1l)

IF ( NDT.TEST{6)} .OR.PTMELT.EQ.O0.) GO TO 40

IF {(TINLASTJ.LE.PTMELT) GO TO 40

PUNCHING CARDS FOR LTIQUID - — INSERT L IN NAME

KN = 1

20

30

c
€780

40
930

936

954

940
950

952

970
951

953

€790
961

956
1970

955
957

1956
1000

64

NPLU = NPLUS

IF (NPLUS .GT. 6) GO YO 30

LN = 6%{NPLU -1)

IL = TARS(LN,LIQUID)

DAT(KN} = AND{NA(NPLU },NAME{KN)})
DAT(KN) = ORI{DATI(KN).IL)

GO TO 40

KN = 2

NPLYU = NPLUS - 6

GO0 TO 20

DD 930 1=6,23

DAT(I} = O.

IF (TO(NLAST).LE.TC(1).0R.T{NNN}.GT.TC{1)) DAT{4)=T(NNN)
DAT(5) = TCINTC)

IF (TCINTC).GT.TINLAST}) DAT{S) = TINLAST)
=7

12 = 16

WRITE (6,954}

FORMAT {24HOPUNCHED BINARY CARDS—— }
LINES = LINES + 3

DO 952 I = I1.,12,9

DAT(I-1) = TC(K)

DAT(I) = TC{K+1}

00 950 J = 1L.NFP

I =1 + 3

DATUITJ) = ANSIK ,J)

DAT(I+6) = ANS {K,NF1])

DAT(I+7) = ANS (K,NF2)

K = K- 1

IF (K.LE.0 .AND. I.EQ.I1) GO TO 970
CONTENUE

1 =12

I8 = 1+8

IF{18,6T.22) GO TO 961

00 953 [1=18,22

DAT(I} =0.

DAT(22) = DATE

IF (DAT(3).EQ.0.) DAT(3)=BLANK

CALL BCDUMP (DAT(1), DAT(22))

IF (DAT{3).EQ.BLANK) DAT{3)=0.

IF {18.6T.22Y GO TO 1970

WRITE (6,956) (DAT(II}, 1I=1,22)
FORMAT (1HO»2A6+F1T7.3¢4Xs5E17.8/7E1T.8/6E17.8,11X,A6 )
GO Yo 957

WRITE (6,955) (DAT(II), 11=1,22)
FORMAT € 1HO+2A6,F17.3+4X,5E1T.8B/TELT.B/TELT.8 }
LINES = LINES + 4

IF (LINES.GE.55) CALL PAGE ID{LINES)
IF (18.EQ.5) GO TO 1000

IF (I18.EQ.24) I8 = 5

DAT(4) = DAT(23)

IF (K.EQ.0) GO TDO 1956

IF (I11.E0.5) GO TO 940

i1 = [1-1

12 = [1+9

GO TO 940

IF{18.E0.5) GO TD 951

CALL PAGE ID(LINES)

RETURN

END

PNCHOOO1
PNCH0002
PNCHO003
PNCHOO04
PNCHO005

NATOM,NT.CPR(202) ,HHRT(202) yASINDH, T{202) s ASINDT,FHRT{202), PNCHO006

PNCHOO0O07
PNCHO008
PNCHO009
PNCHOO010
PNCHOO11
PNCHO0O012
PNCHOO13
PNCHOO14
PNCHOOLS
PNCHOO16
PNCHOOL7
PNCHOO18
PNCHOO19
PNCH0020
PNCHOO021
PNCHO0022
PNCH0023
PNCHO0024
PNCHO025
PNCHO026
PNCHO027
PNCH0O028
PNCH0029
PNCHO0030
PNCHOO031
PNCH0032
PNCHO0033
PNCHOO34
PNCHO035
PNCHO0036
PNCHOO037
PNCHO038
PNCHO039
PNCHO040
PNCHOO41
PNCHO0042
PNCHO043
PNCHOO044
PNCHO045
PNCHOO46
PNCHOO047
PNCHOO48
PNCHO049
PNCH0050
PNCHO0O051
PNCHO052
PNCHO053
PNCHOO054
PNCHOO055
PNCHO056
PNCHO057
PNCHO058
PNCH0059
PNCHO060
PNCHO061
PNCH0062
PNCH0063
PNCHO064
PNCHO065
PNCHO066
PNCHOO67
PNCHO068
PNCHO069
PNCHOO070
PNCHOO71
PNCHO072
PNCHOO73
PNCHOO74
PNCHOOT5
PNCHOO076
PNCHOO77
PNCHOO78
PNCHOO79
PNCHO080
PNCHO081
PNCH0082
PNCHO0083
PNCHOOB4
PNCHO085
PNCHO086
PNCHOO08B7
PNCHO088
PNCHOO089
PNCHO090
PNCHOO091
PNCH0092
PNCHO093
PNCHO094
PNCHO095

29

61

101

107

115

125

144



APPENDIX C

MAP ROUTINES (DESCRIPTION AND LISTING)

SKFILE(N, M)

This routine causes M end-of file marks to be skipped over on tape unit N. This

routine is called for in the FORTRAN program sections C90, C530, and C590; it is as

follows:

BINARY

BINARY

$IBLDR SKFILE

STEXT SKFILE

RINARY CARDO (NUT PUNCHED)}
00000 1 00000 O 00004 10001
00001 0774 00 2 00000 10000
00002 0774 00 4 00000 10000
00003 0020 00 4 00001 10000
C0GCn4 0634 00 4 05000 10011
00005 0634 00 4 00061 16001
00006 0634 00 4 00002 10001
G0007 0634 GO 2 00001 10001
0(0106 05G0 00 4 (00001 10000
00011 4734 00 2 00000 10000
00012 7 00001 2 01004 10011
00013 0500 60 4 00004 10000
00014 0734 00 2 00000 10000
0015 7 Q0000 2 00052 10001
00016 05C0 60 4 00003 10000
00017 0621 00 O 00057 10001
00020 0634 00 2 00050 10001
00021 0000C000Q000 00010
00021 0G7?74 00 4 03000 10011

CARD (NOT PUNCHED)
00022 1 00C02 O 01004 10011
00023 O 00061 O 00013 10100
00024 O 00C00 O 00057 10001
000?25 © 00000 O 00056 106001
000626 0500 60 O 00056 10001
0C027 0734 00 4 00000 10000
00030 1 060001 4 01001 10011
00031 06é34 00 4 00045 10001
00032 0074 00 4 06000 10011
G0033 4774 00 4 00052 10001
00034 0634 00 4 CS000 10011
00036  GC€0000000000 00010
00035 G0C74 00 4 04000 10011
00036 1 00000 O 01002 10011}
00037 0 00G61 0 00023 10100
0C040 0074 00 4 07600 10011
(0041 OC74 00 4 10000 10011
00042 0C20 00 0 00045 10001
00043 0C20 00 G 00050 10001

CARD (NUOT PUNCHED)
00044 0020 00 O 00045 10001
00045 0520 00 0 CGOO0O 10000
00046 0020 00 O 4100@ 10011
G0G47 ©G20 00 0O 00040 10001
00050 0774 0C 2 00000 10000
€0G51 2 06GO1 2 01602 10011

00052

G0C53 0634 00 2 0O0050 10001
00054 0020 00 ¢ 00045 10001
00055 G 00000 0 00056 10001
00056 € 00000 O Q0000 10000
00057 0 00600 O 00000 10000
00060 0 00GOC ¢ 00000 106000
00061 0000000C0000 10000
00062 624226314325 16000
00000 01111

SKFILE

REED

HOLD

EOQF

aut

OUuM
UNITAD
PAT

EOR

SAVE

cLa
PDX
TXL
CLA%*
PAX
TXL
CLA*
STA
SXA
CALL

CLA%
PAX
TXI
SXA
TSX
AXC
SXA
CALL

TSX
TSX
TRA
TRA

TRA
ZET
TRA
TRA
AXT
TIX
RETURN
SXA
TRA
PZE
PZE
PZE
PZE
*LDIR

END

(442)

144

0,2

*+442,1

444

042

0OuUT,2,.0

3.4

PAT

EOF,2

«« FVIO{ PAT ,UNIT AD)

UNITAD
04

*+1 44,1
HOLD,4
2« FTCKe4
DUM-3,4
SYSLOC, 4
+BSF.

+oFI0C,4
««FBCK,4
HOLD

EQOF

HOLD
K

*-1
REED
*k,2
*4+242,1
SKFILE
EOF .2
HOLD
UNITAD

65



$CDICT SKFILF

BINARY CARD (NOTY PUNCHED)

000663000000 PREFACE START=0¢LENGTH=51,TYPE=T094s CMPLX=5
000004000005
624226314325 SKFILE DECK LOC=G «LENGTH=51
000C63000000
624226314325 SKFILE REAL LOC=0 + LENGTH=0
aCo0000G60000
333326653146 «oF VIO VIRTUAL SECT. 3,CALL
200000100000
332262263360 +BSF. VIRTUAL SECT. 4,CALL
200001000600
627062434623 SYSLOC VIRTUAL SECT. S
2C0CC0000000
333326632342 ««FTCK VIRTUAL SECT. 6
2€0G600N000000
333326314623 ««FIOC VIRTUAL SECY. 7
2€00000C0000
333326222342 ««FBCK VIRTUAL SECT. 8
2€0000000000
$DKEND SKFILF 001938

REFERENCES YO DEFINED SYMBOLS.

CLASS SYMAOL VALUE REFERENCES

ouM 00055 33

EOR 00060

EOF 00050 20443453
HOL D 00045 3104204%454

«0001 00002 647
<0002 QooeC3
««0003 Qoo0cs 0

ouTt 00052 15
PAY 00057 17,24
REED 00040 47

LCTR BLCTR

QUAL UNOQS

LCTR /7

SKFILF G0000 52
UNITAD 00056 25426455

REFERENCES TO VIRTUAL SYMBOLS.

«BSF. 4 35
- «FRCK 8 41
- F10C 7 40
«« FTCK 3 32
««FVIO 3 21
SYSLOC 5 4434



$IBLDR .BSF.
$TEXT .BSF.

ENTRY +BSF,.

00GC03 SIZE SET 3
BINARY CARD (NOT PUNCHED)
00000 0500 00 QO 60010 10001 .BSF. CLA PON
00001 0634 00 4 00014 10001 SXA LKeDRy &
0c002 000000000000 00010 CALL «s FIOS{SEL)

00002 0C74 00 4 03000 10011
00003 1 00001 O 01003 10011
00004 0 00014 O 00005 10100
00005 0 00000 0 00005 10001

00005 400005041001 00001 QGRG *-1
GC0005 3 00003 0 00011 10001 SEL IORT seBSF.esSIZE
00006 (534 00 4 00014 10001 LXA LK.DR+4
00007 0C20 00 4 00001 10000 TRA 14
00010 1 00000 O 00000 10000 PON PON 000
00011 2C0000000003 00001 ..BSF. BSS SIZE
00014 0C00000C0000 16000 LK.DR LDIR
00015 332262263360 10000
00000 01111 END

SCDICT .BSF.

BINARY CARD (NOT PUNCHED)
000016060000 PREFACE START=0,LENGTH=14,TYPE=T094, CMPL X=5
000004000005
332262263360 +BSF. DECK LOC=0+LENGTH=14
600016000000
332262263360 «BSF. REAL LOC=0,LENGTH=0
00000000000
333326314662 ««FINS VIRTUAL SECT. 3,.,CALL
200000100000

$DKEND .RSF. 001938

REFERENCES TO DEFINED SYMBOLS.

CLASS SYMROL VAL UE REFERENCES

+BSF. [eleleXe]o]
«sBSF. 00011 5
LK . DR 00014 1.6
PON c0010 o]
{CTR BLCTR
QUAL UNQS
LCTR 44
SEL 00005 5
SET SIZF 00003 Sell

REFERENCFS TO VIRTUAL SYMBOLS.

«-FI0S 3 2



BCDUMP(A, B)

This routine causes data to be punched out in absolute binary cards (up to 22 words
per card). The arguments A and B are the first and last words to be dumped, respec-
tively. The routine is called for in the FORTRAN program sections C100 and C790; it

is as follows:

$ IBLDR BCDUMP

STEXY ACDUMP
ENTRY 8COUMP

BINARY CARD (NOT PUNCHEDN)
00000 1 00000 O 00005 10001 BCDUMP SAVE 1:244

00001 0774 00 00000 10000
00002 0774 00 00000 10000
00003 0774 00 00000 10000
00004 0020 00 00001 10000
00005 0634 00 05006 10011
00006 0634 00 00143 10001
00007 0634 00 00003 10001
00010 G634 00 00002 10001
00011 0é€34 0D 00001 10001

COQVQLOFNNPNFIIDII MmN

00012 0500 00 00001 10000 CLA le4 IS THERE A

00013 4734 €O 00000 10000 PDX 0+2 THIRD

00014 7 00002 (1002 10011 XL *+24242 ARGUMENT

0001% 4520 60 00005 10000 NZIT* Set YESe IS IT =0

00016 0634 00 00056 10001 SXA CNUM,0 YES

00017 0443 00 00003 10000 oLn 344 010466 TS
00020 0040 00 01002 10011 TLO *+2

00021 0131 00 00000 10000 XCA

00022 4600 00 06000 10011 STO ««BRDB «+BRDB HAS THE FIRST ADDRESS 010466 TS

AINARY CARD (NOT PUNCHED)

00023 0534 0C 1 06000 10011 LXxa ««8RDB,1 PUT FIRST LOC. IN IX1 010466 YS
00024 0402 00 0 0600C 10011 sys »+BRDB
00025 0734 00 2 00000 10000 PAX 0.2 THE NO. OF WORDS DUTPUTED IN INDEX 2
00026 1 00001 2 01001 10011 TXI *+1,2,1 TRUE WORD COUNT
00027 0634 00 1 00031 10001 SXA IX1lal
00030 0634 00 2 00032 10001 SXA IX2+2
00031 0774 OC 1 00000 10000 1IXl1 AXT *%x,1
00032 0774 00 2 00000 10000 IX2 AXT x%,2
00033 0C74 00 4 Q07000 10011 TsX e e FTCK 4 010666 TS
00034 6 00026 2 001306 10001 TEST TNX LASTC,2,22 011066 TS
00035 0634 00 7 00032 10001 SXA IX2.2
00036 0774 00 2 00026 10000 AXT 2242
00037 1 00500 2 01001 100t1 TEST4 TXI . *+1.2,320
00040 4634 00 2 €6000 10011 SXD ++BRDB,2 010566 TS
00041 2 C0500 2 01001 10011 TIX *+1.2,320
00042 0634 00 1 00052 10001 SXA CLA,1L
00043 0634 00 1 06000 10011 SXA «+BRDB,1 010466 TS
00044 1 00026 1 01001 10011 LOOP TXI *+141422
00045 0634 00 1 00031 10001 SXA IX1.1
RINARY CARD (NOT PUNCHED)
00046 0774 00 4 00033 10000 AXT 2744 010466 TS
00047 0600 N0 4 06034 10011 CLEAR STZ ««BRDB+28 .4 CLEAR THE BUFFER. 010466 TS
00050 2 00001 4 41001 10011 TIX *=1l+4,1
0n051 0774 00 4 00000 10000 AXT 0.4
00052 0500 00 4 00000 1C000C CLA CLA x%,4 FILL THE BUFFER WITH
00053 0601 00 4 06002 10011 STO ++BRDB+2,4 010466 TS
00054 1 77777 4 01001 10011 TXI 41441
00055 2 00001 2 41003 10011 TIX *-3.2,1
00056 0774 00 1 CO0C0O 10000 CNUM AXT *%,1 CONSECUTIVELY
00057 0500 €0 0 00137 10001 cLA HUNBIT NUMBER
00060 0771 00 0 00001 10000 ARS 1 THE
00061 7 00143 1 01C02 10011 TXL *+2,41,99 BCOUMP
00062 1 77634 1 41602 10011 TxI *-2,1.-100 CARDS
00063 0671 00 0 00134 10001 STA GP+1 FROM
00064 0500 00 0 00141 10001 CLA BETT 7 ERO
0G065 0771 00 0 00001 10000 ARS 1 T0
00066 7 00011 1 01002 10011 XL *+241,9 999
0c06T 1 77766 1 41002 10011 TXI *-241+-10
00070 0601 00 0 00135 10001 sT0 WORD3

68



BINARY CARD (NOT PUNCHED)

00071
000172
00073
00074
00075
00c76
0ucT7?
02100
0010l
00102
00103
00104
00105
00106
00107
00110
Collt
00112
60113

6500 00 0 (0140

0771 00 0 00001
7 00000 1 01002
1 77777 1 41002
4602 00 0 06135
0534 00 1 00056
1 00ocl 1 Ol001
7 01747 1 010C2
0774 00 1 00000
0634 00 1 00056
0443 00 0 00133
4603 00 0 06030
0443 00 G 00135
4603 00 0 06032
0774 0C 1 00026
4500 00 0 06000
0361 00 0 G6030
2 00001 1 41001
€602 G0 0 06001

BINARY CARD (NOV PUNCHED)

00114
00115
00116
001t6
00117
00120
00121
00122
00123
00124
00125
00126

00130
00131}
00132
00133
00134
00135

4774 00 1 00137
0634 00 1 C€5000

000C00000000G

0074 00 4 04000
1 00000 0 01002
0 00143 0 OOl1l0
0074 00 4 1000C
0020 0C 0 00031
0020 00 0 01001
0774 00 1 00031
G634 00 1 00122
0C74 00 4 07000

00127
0500 00 0 00123
0€01 00 0 00122
0020 D0 0 00037
420041004040
104020400000
0 00000 C 00000

BINARY CARD {NUT PUNCHED)

00136
00137
00140
00141
00142
00143
00144

0 00000 O 00000
0€0600002000
0000200€0000
200C€000C0000
0 00000 0 11000
000000000000
222324644447
00000

10001 CLA
10000 ARS
10011 TXL
10011 X1
10001 ORS
10001 LXA
10011 TXI
10011 TXL
10000 AXT
10001 SXxA
10001 DLD
10011 DST
10001 oLD
10011 DST
10000 AXT
10011 CAL
10011 ACL
10011 TIX
10011 SLM
10001 AXC
10011 SXA
00010 CALL
10011

10011

10100

10011 15X
10001 TRA
10011 RETURN TRA
10001 AXT
10001 SXA
10011 TSX

RETURN

10001 LASTC CtLA
10001 STD
10001 TRA
10000 oGP ocT
10000 ocT

10000 WORD3 PZE

10000

PZE

10000 HUNBIT OCT
10000 BITU ocy

10000 BI

TT ocr

10011 oOuv PLE

10000
10000
01111

$CDICT RCDUMP

BINARY CARD {NOT PUNCHED)

000145000000
0000040C0005
222324644447
a0C1450C0000
227324644447
000000000000
2272324644447
0C€0000000000
333322236624
2000001 co000
627062434623
2€0000000000
333322512422
2€0c00000000
333326632342
2600000C0000
333326314623
20006000C0000
3347233C3360
2€00000C0000

BCDUMP
BCOUMP
RCDUMP
e« RCWD
SYSLOC
««BRDB
«efF TCK
««FIOC

«PCH.

SDKEND BCDUMP

*LDIR

END

PREFACE

DECK

REAL

REAL

VIRTUAL

VIRTUAL

VIRTUAL

VIRTUAL

VIRTUAL

VIRTUAL

BITU

1

*+241.0
*~2410-1
WORD3
CNUM, 1
*+1,1.1
*+2,1.999
0.1
CNUM. 1

GP
«.BRDB#+24
GP+2
««BRDB+26

22,1 COMPUTE
««BRDB THE
CHECK SUM

- «BROB+24
*—1slel
« s BRDB#1

ouT-3,1
SYSLOC,1
««BCWD

seFIOC. 4

X1

¢l

IX1.1
RETURN-1.1

e o FTCKs 4
8COUMP
RETURN
RETURN-1
TEST4
420041004040
104020400000

2000
20000000
200000000000
«PCH.

START=04LENGTH=101+TYPE=T094, CMPLX =5

LOC=0+LENGTH=101
LOC=0 ¢ LENGTH=0
LOC=0,LENGTH=0
SECT. 4.CALL
SECT. 5

SECT. 6
SECT. 7
SECT. 8

SECT. 9

001938

010466
010466
010466
010466

010466
010466
010466
010466

010566
010566
010466

010666

Ts
TS
TS
TS

TS
Ts

Ts

TS

Ts

TS

5/4/66 TS861
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REFFRENCES TO DEFINED SYMBOLS.

CLASS

LCTR
Qu Al
1 CTR

SYMHRUL

BLOUMP
RITT
RITU
cta
CLFAR
CNUM
GP
HUNBRET
IX1
I1Xx2
«s 0001
e 0002
+«0003
LASTC
LOnP
auT
RFTURN
BLCTR
UNOS
124
TEST4
TEST
WaORD3

VAL UE

00000
0ni4al
Col4a0
cans2
0u047
Q0056
nn13s3
Q01347
non3l
00032
00003
600Ca
06aCs
60130
00044
00142
00123

00037
0034
Q0135

REFERENCFS

127
64
kAt
42

164764102
63,103,105

57
27.45.122,124
30.35

7+10.11

G
34

114
125,130.131

132

70.75

REFFRFNCES TO VIRTUAL SYMROLS.

««BCWD 4 116
««RBRNA 6

««FI0C 8 121
««FTCK 7 33,126
«PCH. 9 142
Systoc 5 5¢115

$TBLNR BCRWD

$TEXT .BCRWD

00034

BINARY CARU (NOT PUNCHED)

70

00000
00001
[elelelodrg
0003
[ofeslo2
00004
00G0s
00006
00007
ceoo?
00007
00010
cgelt
co012
aco13
00014
00050
GCOS1

0500 n0 ¢ 00012
0C20 00 O 01002
4500 00 0 00013
0634 00 4 00050
0C0C000G60000
6G74 00 4 05000
1 06001 0 €1003
0 00050 0 00011
¢ GOCO0 0 00007
400007041001
3 00034 0 04000
0534 00 4 06050
€CC2C 00 4 006001
1 00000 @ GCO0O0O
3 00000 O 00000
20000000034
GC0Coeocoono
3322223516624
00000

10001
10011
10001
10001
00010
16011
10011
10100
10001
00001
10011
10001
10000
10000
10000
00001
10000
10000
o111

SLZE

« «RCRD

« «BCWD

SEL

PON
PTH
««BRDB
LK.DR

FNTRY
ENTRY
ENTRY
SET

CLA
TRA
CAL
SXA
CALL

ORG
I0RT
LXA
TRA
PON
PTH
BSS
{DIR

END

22¢23024440¢43 447453 4104,410641104111,113

«+BRDB
« «BCRD
««BCWD
28

PON

42

PTH
LK.DRy 4

«« FIOS(SEL)

*-]1
+«+BRDB4+SIZE
LK.DR.4

les

04,0

Oss0

S1ZE

-BCRO0O0O

«BCROOOL

RECORD SIZE

READ ENTRY FOR BCREAD

GET CORRECT ARG FOR LFIOS
WRITE ENTRY FOR BCDUMP
SAVE [R4

SET UP READ OR WRITE

170 COMMAND
RESTORE 4

1/0 BUFFER

11/1/65
11/1/65
1171765
1171765

11/1765
11/1/65
1171765
1171765
1171765

1171765
1171765
11/1765
1171765
1171765
1171765
11/1/65
1171765

1171765

JMLR
JMLR
JMLR
JMLR

JMLR
JMLR
JMLR
JMLR
JMLR

JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR

JMLR



$CDICT

BINARY CARD (NDT PUNCHFD)

0000520C0000
000004000005

«BCRWD

3322223516624

060€520C0000
3331222235124
0€00000C0000
323322236624
0€0000000002
333322512422
€cC0oco0000014
322326314662
2€0000100000

$DKEND

+BCRWD

REFERENCES TO DEFINED SYMBOLS.

+BCRWD
««8CRD
««BCWD
««RRDA

«sFI0S

CLASS

SYMAOtL

««RCRD
«RCUWD
««BRDB
LK .DR

VAL UE

co0co
0nga2
00014
00050

PON
PTH
LCTR
QUAL
LCTR 124
SFL

SET SIZE

noo12
00013

8LCTR
UNQS

00007
00034

REFERENCES

7
T+14

REFFRENCES TGO VIRTUAL SYMBOLS.

««FIOS 5

$ IRLDR

SFIE

$FDICT

BINARY CARD (NOT PUNCHED)

2065602006034
0€0Cce00Co000
4723306C6060
6C6060606060
6C6C606C6060
STEXT

BINARY CARD (NOT PUNCHED)

00000

0 00000 0 04001

00000

S$CDICT

BINARY CARD {NOT PUNCHED)

REFERFNCES 10

CLASS

-PCH.

FILE
LCTR
QU AL
LCTR /77

PCH

SYMBOL

4000010€0000
000004000005
3324723303360
€CCN001060000
334723303360
0€0000000000

$DKEND

4
«PCH.
«PCH. *PCH
«PCH.

PCH FILE

+PCH.

10010
01111

«PCH.

«PCH.

«PCH.

«PCH.

DEFINED SYMBROL S.

VAL LF

c00Go

REFERENCES

1 0

RLCTR
UNQS

«PCHa
PCH

PREFACE
NECK
REAL
REAL
REAL

VIRTUAL

¢ PP ,READY,OUTPUT 4BLK=28 yMULT IREEL y BINyNOLIST

*PCH

ENTRY
PZE

FILFE
END

PREFACE
DECK

REAL

«BCRO00O2

START=0+LENGTH=42,TYPE=T094, CMPLX=5
LOC=0,LENGTH=42
LOC=0+LENGTH=0
LOC=2+LENGTH=0
L0C=14+LENGTH=0

SECT. 5.CALL

001938 «BCRO0O3

«PCHOO000
«PCHOOO1

+PCHO002

BIN, DUTPUT,NOHCVN ¢ BLK=28

«PCHO003
«PCH.
PCH
+PP,READY,OUTPUT, BLK=28, MULTIREEL ,BIN,NOLIST

«PCHOO04

START=04LENGTH=1+TYPE=T094, CMPL X=5
LOC=0,LENGTH=1

LOC=0,LENGTH=0

001938 +«PCHO005
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BCREAD(A, B)

This routine causes absolute binary data cards as punched by the BCDUMP routine
described previously to be read. Arguments A and B are first and last storage loca-
tions of the data being read. The routine is called for in the FORTRAN program section

C110 and is as follows:

STALDR .BCREA
STEXT .BCREA

BINARY CARD (NOT PUNCHED)
00000 1 00CO0 0 00004 10001
00001 0774 00 1 00000 10000
00002 0774 00 4 GO0OOC 10000
00003 0C20 00 4 00001 10000
00004 C634 00 4 05000 10011
00005 0634 00 4 00056 10001
00006 0634 00 4 00002 10001
60007 0634 00 1 00001 10001
00010 05006 00 4 00003 10000
00011 0560 00 4 00004 10000
00012 0C4C 00 Q 01002 10011
00013 0131 00 O 00COG 10000
00014 4600 00 0 00055 10001
00015 0400 00 0 06006 10011
00016 0621 00 0 00034 10001
00017 04C? 006 0 00055 10001
00020 0621 00 O 00030 10001
00021 4774 00 4 00051 10001
00022 0634 00 4 05000 10011

BINARY CARD (NOT PUNCHED)
00023 0C0000000000 600to
00023 0074 00 4 04000 10011
€0024 1 00000 O 01002 10011
00025 0 00056 O 00016 10100
000?26 0CT74 00 4 07000 10011
00027 0C74 00 4 10000 10011
00030 0774 00 1 0000C 10000
00031 7 00026 1 00042 10001
00032 (0774 00 4 0000C 100060
00033 0500 00 4 11002 10011}
00034 0601 00 1 00000 10000
00035 2 00006 1 01001 10011
00636 1 77777 4 01001 10011
00037 3 77752 4 00033 10001
00040 0634 00 1 00030 1c001}
00C41 0020 0O O 00026 10001
00042 7 00000 1 00047 100C1L
00043 0774 00 4 00047 10001
00044 0634 00 4 00041 10001

BINARY CARD (NOT PUNCHED)
00045 4636 00 1 00037 10001
00046 0020 00 0 06032 10001
00047 0774 00 4 00026 10001
00050 0634 00 4 00041 10001
00051 0774 00 4 77752 10000
00052 4634 00 4 00037 10001

00053

000%4 0 00000 0 12000 10011
00055 0 00000 O 0000C 10000
00056 0646000000000 10000
00057 332223512521 10000
00000 01111

T2

BCREAD

READ

I x4

S0

CKIR%

LASTC

DONE

UNC
TEMP

ENTRY

SAVE

CLA
L00
TLQ
XCA
STQ
ADD
STA
sus
STA
AXC
SXA

CALL

TSX
TSX
AXT
TXL
AXT
cLa
STO
TIX
TXI
TXH
S XA
TRA
TXL
AXT
SXA

SCD
TRA
AXT
SXA
AXT
SX0
RETURN
PLE
PZE
*LDIR

END

BCREAD

1e4

344
CITS
x42

TEMP
SYSONE
STQ
TEMP

X1
UNC-3.4
SYSLOC,4

«+BCRD

«oFIDC,4

e o FTCK &4
=%, ]
LASTC,1,22
0.4
+«BRDB+2.4
%, 1
*+l.l,1
*+1leh -1
STO~1l44+-22
IX1el

READ
OONEs14C
DONF 44
LASTC-1.4

CKIR%,1
X4
READ,4
LASTC-1 .4
—22+4
CKIR4 .4
BCREAD
+UNOS.

«BCRO0O0O
«8CRO001
1171765
1171765
GET FIRST ARG. 1171765
GET SECUND ARG. 1171765
COMPARE 11/1/65
IF 2ND LESS EXCHANGE 1171765
STORE SMALLEST ARG 11/1/65
ADD 1 1171765
STORE FOR MOVE 1171765
COMPUTE COUNT 1171765
STORE FUR MOVE 11/1/65
LOCATE UNOS LIKE FIV CALL 1171765
AND SAVE IN SYSLIC 11/1/65
SET UP READ 1171765
READ RECORD 1171765
CHECK READ 1171765
PICK UP COUNT LEFT 1171765
IS ONLY 1 REC LEFT 1171765
REC CNT 1171765
MOVE WORDS 11/1765
TO STORE 1171765
DECR. COUNT 11/1/65
DECR. REC COUNT 1171765
CR. REC COUNT 11/1/65
NO SAVE REMAINING COUNY 11/1/765
GO READ NEXT RECORD 1171765
ANY MORE WORDS 04/26/66
YES STORE 7O EXIT NEXT 1171765
TIME 11/1/765
SET REC CNT = NO WIRODS LEFT 11/1/65
GO PROCESS RECORD 1171765
RESTORE EXIT 1171765
11/1/65
RESTORE RFC CNT 11/1/65
1171765
1171765
ADD OF UNIT S 11/1/65
1171765

JMLR

JMLR

JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR

JMLR

JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
TS
JMLR
JMLR

JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR
JMLR



SCOICT

BINARY CARD (NUT PUNCHED)

000060000000
0G0C04000005
332223512521
000060060000
2272351252124
0C0000000000
222351252124
0C00000C0000
333322235124
2000001C0000
627062434623
200000060000
627062464525
2€00000C0000
323326314623
200000000000
333326632342
2€0000000000
333322512422
2C00000C0000
3364450€0533
2000000€0000

$SDKEND

«BCREA

RFFERFNCES TGO NEFINED SYMAOLS.

CLASS SYMBOL

RCRFAD
CKIR4
DONE
IX1
X4
«.0001
0002
-.0003
I ASTC
RFAD
LCTR BL.CTR
OUAL UNQS
LCTR /7
‘STO
TEMP
UNC

VAL UE

00000
00037
00047
00030
00032
00002
00003
00004
00042
00026

00034
00055
00054

+BCREA
RCREAD
BCREAD
=« «RCRD
SYSLOC
SYSONE
«sFI0C
«eFTCK
««RRDB
+UNOS.

«BCREA

REFERENCES

53

45,52

424,43

20,40

46

6.7

0

31,44.50

41447

16437

14,17

21

REFERENCES TO VIRTUAL SYMAOLS.

««BCRD
««BRNB
«oFIOC
0o FTCK
«UNOS .
SYSLOC
SYSONF

CVMOm~NV &

23
33
26
27
54
4422
15

PREFACE
DECK

REAL

REAL

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

VIRTUAL

START=0+LENGT H=48+TYPE=T094, CMPLX=5

LOC=0,LENGTH=48

Loc=0,

LOC=0
SECT.
SECT.
SECT.
SECT.
SECT.
SECT.

SECT.

LENGTH=0

+LENGTH=0

49 CALL
5

6

-~

®

.BCR0O002

73



IALS(N, M)

This function shifts the fixed point variable M left N places in the accumulator.
The function is used in the FORTRAN program sections C140 and C160.

TARS(N, M)

This function shifts the fixed point variable M right N places in the accumulator.
The function is used in the FORTRAN program sections C30 (twice), C140, and C770.
The two shift functions are as follows:

7094 RFLMOD ASSEMBLY.

SIBLOR LSHIFT +SH10000
STEXT .SHIFT +SHI0001

ENTRY TALS
ENTRY 1ARS

BINARY .CARD (NOT PUNCHED)

€0C00 0500 60 4 00003 10000 [ALS  CLA* 3.4
00001 0&21 D0 O 01002 10011 STA *+2
00002 4500 6C 4 00004 10000 CAL* 4ot
00003 0767 00 0 00000 10000 ALS %
00004 4130 00 O 00000 10000 XCL
00005 0131 00 0 NDOOC 10000 XCA
00006 0C20 0C 4 00001 10000 TRA le4
00007 0500 60 4 00003 10000 [ARS  CLA* 3.6
00010 0621 00 0 01002 10011 STA *42
00011 45C0 60 4 00004 10000 CAL% 44
00012 €771 G0 0 00000 10000 ARS =
00013 4130 06 0 00000 10000 XCL
06014 0131 00 0 0000C 10000 XCA
00015 0C20 06 4 00001 10000 TRA 1.4

00060 oOll111 END

$COICT SHIFT <SHI0002

AINARY CARD (NOT PUNCHED)
0000160€0000 PREFACE START=0,LENGTH=14,TYPE=7094, CMPLX=5

000004000005

336230312663 +SHIFT DECK LOC=0,LENGTH=14
0co0C16000000

312143626060 TALS REAL LOC=0.LENGTH=0
Qoocooncnooo

312151626060 1ARS REAL LOC=7,LENGTH=0
000000000007

$DKEND .SHIFT 001938 +SHI0003

REFFRFNCES TO DEFINED SYMBOLS.

€L ASS SYMAOL VAL UF REFERENCES

TALS 00000
T1ARS 00007
LCTR BLCTR
QUAL UNGS
1CTR 7/

T4



APPENDIX D

DETAILS IN PREPARING INPUT

Uniform Format

Except for binary EF data cards, all input cards are read in with a uniform format,
namely A6, 4(A6, F12,0), 12. The sections of the card will be referred to as follows:

Label 1| Numerical| Label 2 | Numerical | Label 3 | Numerical j Label 4 | Numerical

value 1 value 2 value 3 value 4
Card
columns|1to 6| 7to 12| 13to24 |25to 30| 31to42 |43 to48| 49 to 60 {61to 66| 67to 78 |79 to 80
Format | A6 A6 F12.0 A6 F12.0 A6 F12.0 A6 F12.0 2
The labels (label 1, label 2, . . .) are codes on all types of input cards except one,

(The exception, described in the section Data cards for FIXEDN, ALLN, or TEMPER
methods, is the card containing spectroscopic data for atoms). These codes serve two
purposes. One purpose is to specify an option in the program. For example, the label
RRHO specifies a method of calculation. The second purpose is to identify the number
which follows it. For example, the label R on the CONSTS card precedes the numeri-
cal value of the universal gas constant,

The last two columns (79 and 80) are used only with molecular constant data, For
atomic gases, the principal quantum numbers are punched in these columns if needed
with the method being specified. For diatomic and polyatomic gases, the electronic
level identification is punched in these columns if excited states are included.

Some general rules in keypunching the input cards are given as follows:

(1) With one exception, card columns 1 to 6 and labels are alphanumeric and must
be left-adjusted. The exception is that the labels on the DATA cards which contain
spectroscopic constants for monatomic gases are numbers and do not need to be left-
adjusted. (See DATA cards.)

(2) All blank labels are ignored by the program.

(3) For the specific data, each numerical value must be immediately preceded by
its label. However, the order of values is usually immaterial. Exceptions are noted in
the details for the individual cards.

(4) The numerical values may be the following:

(a) A right-adjusted integer
(b) A floating -point number without exponent (e.g., 0.00021), anywhere in the
field
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(c) A right-adjusted floating-point number with exponent indicating decimal
place (e.g., 2.1-4 is 2. 1x107%)
(5) The last two columns (79 and 80) are right-adjusted integers.

Order of Input Cards

Some discussion on the order of the input cards is given in the section General Flow
of the Program. Specific instructions for placement of the individual cards are given in
the details for making up the cards.

Ordinarily the general data cards should precede the specific data cards. However,
general data cards may be inserted after the specific data for one or more species. The
information on these cards, however, will be available only for the calculations called
for by specific data which follow it. H a second CONST card, ATOM card for a par-
ticular atom, or set of EFDATA and binary EF data cards for a particular reactant is
inserted, the data on the second card(s) are used for the succeeding calculations,

Otherwise, the general data may be read in any order as long as the EFDATA and
binary EF data cards remain in an ordered set for each reactant, namely EFDATA card
followed by binary EF data cards as numbered in card columns 79 to 80.

For a single computer run, there may be any number of species processed where
each species requires its own set of specific data. The set of specific data cards for
each species should be in the following order:

(1) Formula card

(2) Optional cards (REFNCE, EFTAPE, LOGK, LSTSQS, INTERM, or DATE) in

any order

(3) TEMP card(s), if any

(4) METHOD card

(5) DATA card(s)

(6) FINISH card

There may be more than one set of
these cards for a single species.

General Data Cards

Examples of the individual cards discussed in this section are given in appendix F.
CONSTS card. - This card, which contains physical constants, is not optional. An
example of the necessary labels and one possible set of numerical values is as follows:

Label Description Value (ref. 3ﬂ
HCK | hc/k, second radiation constant 1.4388
R Universal gas constant 1. 98726
SCONST| Entropy constant S, (see egs. (4) and (5)) 3.66511
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A more recent set of physical constants is given in reference 35.

ATOM cards. - The order of the labels and information on each of these cards must
be as follows:

Card section Contents

Columns 1 to 6 ATOM

Label 1 Left-adjusted atomic symbol, for example, H, HE, LI
Numerical value 1| Atomic weight

Label 2 Left-adjusted formula of assigned reference element.
The formula must give the atomic symbol, the number
of atoms (even if just one), a left parenthesis, G or S
depending on whether the elemental form is gas or
solid, respectively, and finally a right parenthesis.
Examples: P1(S), 02(G), LI1(S)

Numerical value 2| Coefficient, b, in equation (8)

Numerical value 3|Sum of the statistical weights Zgi (eq. (8)) for the
ground electronic state

Numerical values 2 and 3 are needed only with the FILL option on the METHOD
card for monatomic gases. These values were included for Mg(g) in example 5 in
appendix F.

EFDATA and binary EF data cards. - A set of these cards contains enthalpy and
free energy data for either a monatomic gas or an assigned reference element. The
data will be put on FORTRAN tape number 3 and used for AH% and log K calculations.
There may be any number of sets, or none, of these cards in the general data, These
cards are not keypunched, but rather are part of the punched card output of a previous
run. In order to obtain these punched cards, the previous run required an EFTAPE
option card in the species input data for either an assigned reference element or a
monatomic gas. For example, a set of these cards were punched in example 2, ap-
pendix F, for Fz(g) and used as input in example 3.

LISTEF card. - The LISTEF card is optional and contains the card columns 1 to 6
code only. The data on any binary EF data cards which follow the LISTEF card will be
listed. The binary EF data cards for each reactant must still be immediately preceded
by an EFDATA card. (See example 5 in appendix F.) '

Specific Input Cards

Examples of the individual cards discussed in this section are given in appendix F.
Formula card. - This card is the first card for each species and is reserved for
two pieces of information. First, the species formula, as detailed below, is always
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required. Second, either an assigned enthalpy or a heat of reaction value with the cor-
responding units and temperature is required only when calling for either of the follow-
ing two options:

(1) log K and AH calculations, or

(2) Least-squares fit of the thermodynamic functions

The first 12 columns are reserved for the formula of the species. Even when the

formula takes less than 7 columns, columns 7 to 12 (label 1) should never be used for
any code as is done on other types of cards. The formula should be left-adjusted and
contain no blanks. It should be punched in the following order:

(1) Each atomic symbol followed by the number of atoms even if the number is 1;
these atomic symbols should correspond to the symbols on the ATOM card in
the general input

(2) For ionic species, the proper number of pluses or minuses should be punched

(3) A left parenthesis

(4) A G for a gas, an L for a liquid, or an S for solid

(5) A right parenthesis

The following are examples for ionized species:

Species | Columns 1 to 12
F- F1-(G)
Nt N1+{G)
o*t 01++(G)
05 02-(G)

The remainder of the card is reserved for a heat of reaction, the energy units for the
reaction, and the temperature of the reaction. There are five forms in which the heat
of reaction may be expressed and five choices of units. These are summarized in
table IV,

REFNCE card. - The only purpose of this card is to identify sources of input data.
The labels and numerical values are arbitrary. (See MgO(g) in example 5, appendix F.)

EFTAPE card. - This option card is used either with an atomic gas or an assigned
reference element whose data are needed for succeeding AH% and log K calculations,
The card has only the letters EFTAPE punched in card columns 1 to 6. Inclusion of the
card causes the Hg and the (H% - HS)/RT and —(F% - H8)/RT data for this species
to be (1) put on the end of FORTRAN tape 3 where they are available for use with suc-
ceeding calculations during the same computer run and (2) punched on cards to be in-
cluded with other general data during future computer runs. (See example 2 and Mg(g)
in example 5, appendix F.)

LOGK card, - Inclusion of this option card causes tables of thermodynamic prop-
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erties including log K and AH to be listed. It simply has the code LOGK punched in
card columns 1 to 4. The log K and AH calculations will be for reactions involving
either the assigned reference elements or the monatomic gases or both depending on
what data are available on FORTRAN tape 3. I there is no matching temperature in the
appropriate atomic gas or assigned reference element data on FORTRAN tape 3, the
data that are there will be interpolated by three-point Lagrangian interpolation. (See
example 3 and Mg(s) in example 5, appendix F.)

LSTSQS card(s). - Inclusion of one or more of these cards calls for a least-squares
fit of the functions to equations (10) to (12) as discussed in the section on Least-squares
fit. The LSTSQS card(s) may contain three possible labels, T, EXP, and TCONST, and
their corresponding values. In table V, desired temperature intervals are given by
using T labels, and exponents (qi in eqs. (10) to (12)) are given by using EXP labels.
The fit will be constrained in two ways, (1) to fit the data at one temperature which must
be an endpoint of an interval (TCONST label) and (2) to give equal values of the thermo-
dynamic functions at common endpoints of the intervals. The numerical values asso-
ciated with the T and TCONST codes must be equal to some temperature in the tem -
perature schedule for the thermodynamic functions. (See Mg(g) in example 5, ap-
pendix F.)

If any of the three possible labels are omitted on the LSTSQS card(s), values will
be assigned by the program. If no TCONST is given, it will be assigned to be either
1000° K or, if a phase transition takes place, the temperature of transition (each phase

will be fitted separately). If no EXP is given, the q; values will be assigned to be
0,1, 2 3, and4. If no T's are given, the temperature intervals will be assigned to
be 300° to 1000° K and 1000° to 5000° K. (See example 4, appendix F.)

INTERM card. - This card calls for intermediate output to be printed out when
thermodynamic functions are being calculated from molecular constants. (See HyO(g)

in example 5, appendix F.)

DATE card. - The purpose of the DATE card is to punch a date or code on the
binary least squares coefficient cards. The card should contain only one label which
will be punched as the last word on the last least squares coefficient card punched for
each species. (See Mg(g) in example 5, appendix F.)

TEMP card(s). - These cards give a temperature schedule for which thermodynamic
functions are to be calculated. The program allows for a maximum of 201 temperatures
per species.

Each temperature in the desired temperature schedule may be specified individually
witha T label. (See table V.) However, if there are several temperatures incre-
mented by a fixed amount, this part of the temperature schedule may be specified by
punching in order: the lowest temperature labeled T, the increment labeled I, and the
highest temperature labeled T. For example, the temperature schedule, 100, 200,
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298,15, 300, 400, 500, 600, 688.2, 700, 750, 800, 850, 900, 962.3, and 1000, could

be keypunched as follows:

Card |Label | Numerical | Label| Numerical |Label{ Numerical | Label| Numeri-
col- 1 value 1 2 value 2 3 value 3 4 cal value

umns 4

1t06

TEMP [T 100. 1 100. I 600. I 688.2

TEMP T 700. 1 50. U 900. U 96243

TEMP (T 1000.

The temperature, 298. 15° K, is always inserted in the temperature schedule when
there are temperature values below and above 298, 15° K. (See examples 1 and 3, and
Ar(g), H20(g), Mg(s), and MgO(g) in example 5, appendix F.)

I there are no TEMP cards in a set of data where the thermodynamic functions are
to be calculated, the program (section C40) assumes the standard temperature schedule
used in reference 3, namely, every 100° from 100° to 6000° K with 298. 15° inserted
between 200° and 300° K. (See example 2 and Mg(g) in example 5, appendix F.)

The only option for which TEMP cards must not be used is READIN (see METHOD
card). For this option, the temperatures are read in on DATA cards together with the
thermodynamic functions to which they correspond. (See example 4 and Mg(s) in
example 5, appendix F.)

METHOD card. - This card follows the option cards and must be included for any
calculations to take place. It specifies the technique for obtaining the thermodynamic
functions (see section Options) and immediately precedes the data required by the
method (DATA cards). The card has the code word METHOD in card columns 1 to 6.
The possible codes in the label and numerical value columns are summarized in
table VI. The functions may be (1) calculated from molecular constants for ideal gases
(labels FIXEDN, ALLN, or TEMPER for monatomic molecules and labels RRHO,
PANDK, JANAF, NRRHO1, or NRRHO2 for diatomic and polyatomic molecules) (see
examples 1 to 3 and HyO(g), Mg(g), and MgO(g) in example 5, appendix F), (2) cal-
culated from coefficients and exponents using equations (10) to (12) (label COEF), (see
Ar(g) and Mg() in example 5, appendix F), or (3) read in directly (label READIN)
(see example 4 and Mg(s) in example 5, appendix F). These calculation techniques
are discussed in the section CALCULATION OF IDEAL GAS THERMODYNAMIC
FUNCTIONS.

In conjunction with these method codes, the METHOD card may contain some addi-
tional codes and information as indicated in table VI.

Occasionally, a single method may not apply to the entire desired temperature range
In this case the following cards must be included for each temperature

for a species.
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interval, in order: (1) TEMP card(s) for the desired temperature interval (if the method
is not READIN), (2) a METHOD card for this temperature interval, and (3) the asso-
ciated DATA cards. The sets should be in order of increasing temperature. (See

Mg(s, £) in example 5, appendix F.)

DATA cards. - These cards follow the METHOD card and contain the input data re-
quired by the method. Except for the spectroscopic data of monatomic gases (see ex-
ample 2 and Mg(g) in example 5, appendix F), the labels are codes identifying the
numerical values that follow them, Table VII is a summary of the labels and numerical
values to be used on DATA cards for the various methods given in table VI. A further
description of the DATA cards for the various methods follows:

DATA cards for READIN method: Each card must contain four labels with the four
corresponding numerical values as indicated in table VII. The four labels correspond
to temperature, heat capacity, enthalpy, and either entropy or free energy. Tempera-
ture always has the label T; however, the other three have several options as given in
table VII depending on the data to which they correspond. If enthalpy and free energy
are referred to H(2)98. 15 rather than H8, the Hggg. 15 = Hg value must be included
on the METHOD card (label H298HO) if HY, - Hy values are desired in the final tables.
(See example 4 and Mg(s) in example 5, appendix F.)

DATA cards for COEF method: The coefficient and exponent values for each set of
empirical equations (eqs. (10) to (12)) must be preceded by the values of the temperature
limits (T labels in table VII) for which the equation applies (see Ar(g) and Mg(s) in
example 5, appendix F). The lower T value must be the first numerical value.

Occasionally, the coefficients a; (i=1, r) are available while the integration con-

stants for enthalpy and entropy api1 and a, g are not. For this case, a and

a9 values may be calculated by the program in one of the following Waysf‘+1

(1) Reading in an enthalpy and an entropy or free energy value with the correspond-
ing temperature on the first card. The labels and values should be the same as for the
DATA cards for the READIN method except that Cg or Cg /R may be omitted.

(2) Using the value of enthalpy or entropy of transition (DELTAH or DELTAS on the
METHOD card (see table VI)). This method may be used only when the two phases re-
lated by the transition value are being processed in the same run, The reason is that
the transition value is combined with the enthalpy or entropy value for the last tempera-
ture of the preceding phase. (See Mg(s, £) in example 5, appendix F.)

With COEF method there is an option to punch these coefficients on binary cards in
the form required for use with the IBM program described in reference 33. (With
LSTSQS option, similar binary cards are always made and are not optional.) For each
set of coefficients the temperature intervals to be punched are indicated with TPUNCH
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labels and corresponding values which give the endpoints of the intervals, These
TPUNCH values may or may not be the same as the T values for the set. For refer-
ence 33, coefficients for two temperature intervals are required. In the event there
is only one set of coefficients available, the same set can be used in two intervals by
using three TPUNCH values. (See Ar(g) in example 5, appendix F.)

DATA cards for FIXEDN, ALLN, or TEMPER methods: In contrast to all other
types of cards using the universal format, these cards use the label columns as well as
the numerical columns for numbers. The labels contain the total angular momentum
quantum number J_ (eq. (7), and the numerical values contain the excitation energy
em/hc (eq. (7)) in centimeters ™1, For either the FILL option or the FIXEDN method,
the principal quantum numbers must be punched in card columns 79 to 80, right-
adjusted. The data on the remaining portion of the card must correspond to that prin-

cipal quantum number.

DATA cards for RRHO, PANDK, JANAF, NRRHO1, or NRRHO2 methods: The
equations for the partition function of the various methods are given in tables I and II.
The input data must always contain at least the following guantities for each electronic
state:

(1) The fundamental vibrational frequencies of the molecule (we or Vi)

(2) Either the rotational constant(s) (B0 for linear; Aj, Bg, and C for nonlinear
molecules) or the moment(s) of inertia (Ig for linear; I,, Ig, and I, for
nonlinear molecules)

(3) The symmetry number

(4) The statistical weight
Other spectroscopic constants such as anharmonicity or rotation-vibration interaction
constants are optional. If these optional constants are not included, correction terms
involving them are automatically excluded from the partition function. (See example 1
(RRHO), example 3 (PANDK), and Hy0(g) (NRRAO2) and MgO(g) (PANDK) in ex-
ample 5, appendix F.)

When excited electronic states are involved, the data for each state are read and
processed separately. Therefore, the data cards must be grouped together with an
identifying number in card columns 79 to 80. For example, the data for the three
electronic states included for MgO(g) in example 5, appendix F, are distinguished by
1, 2, or 3 punches in card column 80.

FINISH card. - This card is the last card in the specific input cards for each
species. It contains only the code in card columns 1 to 6.
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APPENDIX E

DETAILS IN OUTPUT
Punched Cards

Certain options in the specific data cause cards to be punched. A description of
these punched cards follows.

EFDATA and binary EF data. - A set of EFDATA and binary EF data cards is
punched when an EFTAPE card has been included in the specific data for either an as-
signed reference element or a monatomic gas.

The first card is the EFDATA card and is punched in the uniform format. It con-
tains the formula, the Hg value, the melting point, and the number of temperatures for
which enthalpy and free energy data are available on succeeding binary cards.

The remaining cards are binary EF data cards and are punched in column binary.
Each binary card contains the chemical formula and seven temperatures with corre-
sponding (H% - HS)/RT and —(F% - H8)/RT values (except possibly the last card which
may have seven or less).

These cards are punched so that they may be used as general input for subsequent
computer runs and be available for AH% and log K calculations. (See the general
input in examples 3 and 5 in appendix F.)

Coefficients for empirical equations. - Coefficients for empirical equations
(egs. (10) to (12)) will be punched on column binary cards if one of the following is true:

(1) A LSTSQS option card is included in the specific data for a particular species.
The coefficients are obtained from a least-squares fit of the functions.

(2) Predetermined coefficients are read in directly (method COEF), and TPUNCH
codes are on the DATA cards.

The format used for punching these coefficient cards was selected to be consistent
with that used in reference 33. The following information is punched on these cards:

(1) The formula of the species as given on the formula card

(2) The ionization potential if there is one

(3) The entire temperature range

(4) The temperature ranges of the intervals

(5) Seven coefficients (al, <.y ag in eq. (10), a.1 in eq. (11), and a9 in

eq. (12)); if there are fewer than 5 coefficients in equation (10), zeros will be in-
serted but if there are more than 5 coefficients, only the first 5 will be punched

Note the exponents (qi in egs. (10) to (12)) are not punched. However, they are
listed together with the ay following the intermediate data associated with the least-
squares fit for each temperature interval. (See output listings for example 4 and Mg(g)
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in example 5, appendix F,) For reference 33, qu=0,499=1, ..., 095= 4,

There are 24 binary words on a card. Table VIII shows the contents of these cards
for up to the nine interval limit. Only as much data are punched as required by the tem-
perature intervals. The temperature intervals are the values following T labels on the
L.STSQS cards or TPUNCH labels on the DATA cards following a METHOD COEF card.
When no T labels are punched on the LSTSQS card(s), two intervals are assumed,
T=300°to T=1000°K and T = 1000° to T = 5000° K. The contents of these cards
are listed as they are punched. (See output listings for examples 4 and Ar(g) and
Mg(g) in example 5, appendix F.)

Listed Output

Input data cards in the uniform format as well as tables of thermodynamic functions
resulting from each set of specific data are always listed. Other data will be listed with
certain options.

Input data. - All input data cards in the uniform format are listed immediately after
they are read. The output format is similar to the uniform input format with spacing
between the labels and values. Numerical values which are zero are left blank. (See
examples in appendix F.)

The data on the binary EF data cards which are read in as input will be listed only
when an LISTEF card precedes the EFDATA card somewhere in the deck. (See the gen-
eral input and output data in example 5, appendix F; only the O2 data are listed.)

Punched card output. - The contents of all cards punched by the program will be
listed except for the binary EF data cards. For this latter case, the punched data will
be listed only when a LISTEF card precedes the specific data somewhere in the deck.

In example 3, appendix F, the punched binary EF data are not listed while for Mg(g)
in example 5, they are. This is because of the LISTEF card in the general data of
example 5.

Tables of thermodynamic properties. - Two tables of thermodynamic functions are
always listed with each set of specﬁic data. These tables are the following:

(1) Table of dimensionless properties as follows:

T, cg /R, (H7, - HQRT, (HY - H‘z’g& 15)/RT (if T=298.15isin T range),

ST/R, ~(Fq. - HQ)/RT, -(Fq. - Hgg& 15)/RT (if T=298.15isin T range),

HJ./RT (if an H8 value is available), and -Fq./RT (if an Hg value is
available)
(2) Table of dimensioned properties as follows:
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T, Cp, HT HO’ H298 15 (if T=298.15isin T range), S T’ —(F —HO)

—(FT - H298. 15) (lf T = 298.15 isin T range), HT (if an HO value is avail-
able) and —F% (if an H8 value is available) '

See output for the examples in appendix F,

When a LOG K option card is included in a set of specific data, two additional tables
are listed for that particular species. (See example 3 and Mg(s) and MgO(g) in ex-
ample 5, appendix F.) These two tables are the following:

(1) Table of dimensionless properties as follows:

o o] o 0 o o} o o
T, Cp/R, (HT -HO)/RT, S°/R, -(FT —HO)/RT, HT/RT, FT/RT, and
AHOT /RT and —AF% /RT for reactions from the assigned reference elements,
and AH% /RT and —AF% /RT for reactions from the monatomic gases

(2) Table of dimensional properties as follows:
T, cg, HY, - Hy, ST, -(Fq, - Hy), HY, and AH

from the assigned reference elements, and AH% and logloK for formation

% and log, K for formation

from monatomic gases
These tables will have an asterisk and a footnote indicating where a melting point has
occurred in an assigned reference element. (See MgO(g) in example 5, appendix F,)
Least squares polynomial and errors. - A least-squares fit of the functions, Cg/R,
(H% - H8)/RT, and S% /R, results when LSTSQS card is included in a set of specific
data. (See example 4 and Mg(g) in example 5, appendix F.)
For each temperature interval, the following information is listed:
(1) For each T within the interval,
(a) cg /R, (HY, - H))/RT, and ~(Fq. - HQ)/RT
(b) Functions in (1a) as calculated from least-square coefficients and equa-
tions (10) to (12)
(c) Differences in (1la and b); these values are referred to as errors hereinafter
(d) Values in (1c) divided by original values in (1a); these values are referred
to as relative errors hereinafter

(2) For errors in entire interval for each function in (1a):
(a) Maximum relative error (MAX REL ERR) and corresponding temperature -
see (1d)
(b) Average relative error (AVER REL ERR) - see (1d)
(c) Root mean square of relative errors (REL LST SQ ERR) - see (1d)
(d) Maximum error (MAX ERR) and corresponding temperature - see (1c)
(e) Average error (AVER ERR) - see (1c)
(f) Root mean square of errors (LST SQ ERR) - see (1c)
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() Cg /R equation (see eq. (10)) for coefficients a; /R
(h) Integration constants in equations (11) and (12) as follows:

(H - HO)/R CONSTANT = (a_,; - HY)/R -
H/R(A6) CONSTANT = a__, /R
S/R CONSTANT = a__, /R

Finally, the contents of the punched binary coefficient cards are listed. See the section
Punched card output,

Intermediate data with FILL option for monatomic gases. - Unobserved but pre-
dicted energy levels for monatomic gases will be included in the partition function
(eq. (7)) if the FILL code is punched on the METHOD card. See the section Inclusion
of predicted levels for the method of predicting the levels.

In Mg(g) in example 5, appendix F, the following data are listed in columns from
left to right:

(1) b value from ATOM card (see eq. (8))

(2) Principal quantum number n

(3) bn2 [predicted 2 (27 + 1)]

(4) 30 (27 + 1) from input data

(5) Column (3) minus column (4)

(6) Highest energy level for principal quantum number

(7) Sum of column (5) and 2J + 1 for level of column (6)

Intermediate data with INTERM card. - Intermediate data are listed for ideal gas
calculations if an INTERM card is included in the specific data for a particular species.

Monatomic gases: For monatomic gases several items are listed. The input data
are listed in order of increasing energy level values. The data include, from left to
right, values for the principal quantum number, J, 2J + 1, and the energy level.

For each temperature, three lines of data are listed as follows:

(1) A statement indicating where the energy levels were cut off; five possible state-

ments are the following:

(a) NOT ALL LEVELS WERE USED., X IS GREATER THAN 85. - This state-
ment indicates that not all atomic energy levels were used because €/KT > 85 in equa-
tion (7),

(b) ALL LEVELS USED THROUGH N =(FIXEDN value) - This statement indi-
cates all atomic levels were used through a fixed principal quantum number (method

FIXEDN),
(c) ALL ASSIGNED LEVELS HAVE BEEN USED - This statement indicates all
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atomic levels in input were used (method ALLN)

(d) NOT ALL ASSIGNED LEVELS WERE USED, Q AND DERIVATIVES ARE
TOO SMALL - This statement indicates not all atomic levels were used because the
following conditions occurred:

Q™ = 1x10710
and
(e /kT)2Q™ = 1x10710

when € _ /KT > 2.

(e) ALL LEVELS HAVE BEEN USED TO THE TH ERMAL BINDING ENERGY
(lowered IP value). - This statement gives the lowered ionization potential value (i. e. ,
ionization potential - Tk/hc) where levels have been cut off,

(2) Values of T, cg /R, (Hy - H))/RT, and ~(F - H))/RT

(3) Values of €/kT, Q, T dQ/dT, T? d2Q/dT? + 2T dQ/dT (eq. (7))

Diatomic and polyatomic gases: Intermediate results are listed when an INTERM
card is included with the specific input data cards for a diatomic or polyatomic gas and
the method of calculation is RRHO, JANAF, PANDK, NRRAO1, or NRRAO2. These
results include values for the formulas and variables defined in tables I and II. Although
the molecular constants are always listed as they are punched on the DATA cards with
an INTERM card, many of them are listed again.

The following data are listed (see tables I and II for definitions and HZO(g) in ex-
ample 5, appendix F):

(1) Ag, By, Cg, 0

(2) a;, a‘?, a? , a$ where i=1 to the number of unique frequencies

1
(3) 64, 0y, 04
(4) yijk
(5) X4
(6) LEVEL = (value in card columns 79 to 80 which is used to identify the electronic
levels)
(D vy 4, 85
(8T
(9) s Ty Sy
(10) As required by the method of calculation, values for the formulas in tables I
and I are listed for Q, InQ, T d(In Q)/dT, and T2 d2(In Q)/dT? +

i

817



2T d(lIn Q)/dT. The latter three values are additive contributions to
-(F,CI’. - HS)/RT, (H.(I). - Hg)/RT, and Cg /R, respectively, when only the ground

electronic state is considered. These values are identified in the listing by
codes which correspond to the formula numbers as follows:

Code on listing | Formula numbers
in tables I and I

ELECTR 1
H.O. 2
R.R. 3or4
RHO 5
THETA 6
FERMI 7
ALPHA 8to 11
XIJ 12 or 14
YIIK 13
G+AG 16
WEZE 15
AX1J 17
(X11)2 18 and 19
XY 20 and 21
G2, GX 22 and 23
AX2 24 to 27 J
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APPENDIX F
EXAMPLES

The punched card input and listed output are given for several sample problems.
The first four examples are simple problems with minimal input, Each of these
examples is for a particular species with only as much general data shown as required.
These four problems may be run individually, or they may be run together in a single
computer run. For this latter case, the general data may be combined. A listing of
input cards is given with the combined general data of these first four species.

The fifth example includes specific input cards for five species and general input
cards which accommodate a much larger variety of problems. It has, for example,
ATOM cards for the first 20 elements. Such a set of ATOM cards may be considered a
permanent part of the operating deck.

All input data are the same as the data used in reference 3. Format details for
keypunching input cards are described in appendix D.

Example 1 (MgFy(g) with RRHO Method)

Problem. - Calculate the thermodynamic functions for MgFZ(gas) from 100° to
500° K at 100° intervals assuming a rigid-rotator harmonic-oscillator approximation and
using the following data:

(1) Physical constants: hc/k = 1.4388 (centimeters)(degrees), R = 1.98726 calories

per mole per 0K, and Sc = -3.66511 calories per mole per 4

(2) Atomic weights: F = 19, 00 grams per mole and Mg = 24, 32 grams per mole

(3) Molecular constants: statistical weight= 1, vy = 540 centimeter'l, Vg = 500(2)

centimeter_l, vg = 820 centimeter'l, Ig = 19. '77><10—39 (grams)(centimetersz),

and symmetry number = 2
Punched card input. - The punched card input is as follows:

Card |Label | Numerical |Label{ Numerical | Label| Numerical | Label| Numerical
col- 1 value 1 2 value 2 3 value 3 4 value 4

umns [

1t06

CONSTS HCK 1.4388 R 1.98726 SCONST| —3.66511

ATOM 19.0000 |[F2(G)

ATOM G 2443200 MGL1(SH

MG1F2(B)

TEMP 100. I 100. T 500.

ME THODRRHO

DATA TATWT] 1. \'2} 540. v2(2) 500. V3 820.

DATA |IB 19.77 SYMNOC 2.

FINIS
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Listed output. - The listed output is as follows:

CONSTS HCK 1.4388000 R 1.9872600 SCONST
ATOM F 19. F21(6)

ATOM MG 24.3199999 MG1{S)

MG1F2(G)

TEMP T 100. I 100. T 500.

METHOD RRHO

MOLECUL AR WT.= 62.32000

DATA STATWT 1. Vi 540. v2(2) $00. V3
DATA is 19.7700000 SYMNQO 2.

FINISH

MGLlF2(G)

EITHER ASINDH,DELTAH,HF298,1PATOM,OR DISSOC WAS NOT FOUND ON THE FORMULA CARD, €520
MGLF2(G} '

ND HZERD VALUE IS AVAILABLE

T CP/R (H-HO) /RT {H-H298) /RT S/R —{F-HO)/RT -{F-H298) /RT
100 3.6044264 3.5141867 +9,1857179 23.0655146 19.5513279 32.2512326
200 446689711 3.8004504 ~2.5495019 25.8549500 22.0544996 28.4044518
298.15 5.,6537278 4.2595689 0.0000001 27.9161122 23.6565433 27.9161119
300 5.6683680 4.2682114 0.0349098 27.9511299 23.6829185 27.9162199
400 6.2824038 4.7016582 1.5266821 29.6735663 24.9719081 28.1468842
500 6.6502306 5.0576122 2.5176313 31.1183319 26.0607197 28.6007006
MGLIF2(G}
T cp H-HO H-H298 S -{F-HO) ~{F-H298)
100 7.1629324 698.3603 -1825.4410 45,.837174 3885.3572 6409.1584
200 9.2784594 1510.4966 -1013,. 3046 51.380507 B765.6049 1289.4061
298.15 11.2354270 2523.8013 0.0000 55.476573 14016.5389 6540.3401
300 11.2645209 2544.6137 20.8125 55.546162 14119.2349 16643,0359
400 12.4847697 3737.3669 1213.5657 58.969091 19850.2695 22374.0708
500 13.2157372 5025.3952 2501.5940 61.840216 25894.7126 28418.5139
MGLF2(G)

Example 2 (Fo(g) with PANDK Method and EFTAPE Option)

-3.6651100

MG1F2{(G)

820.

MG1F2(G)

MG1F2(G)

MG1F2¢G)

Problem. - Calculate the thermodynamic functions for the reference element,
Fz(g) where the standard temperature schedule is assumed. Prepare a set of EFDATA
and binary EF data cards for future AHT and log K calculations. Use the PANDK

method and the following data:
(1) Physical constants and atomic weights: Same as for example 1

(2) Heat of formation: AH§’(298. 150 ) (assigned enthalpy at 298, 15°K) = 0

(3) Molecular constants: statistical weight=1, w =923 centimeter"l, W X

15.6 centimeter'l, B, = 0.8909 centimeter'l, a = 0.0162 centimeter 1

and symmetry number = 2
Punched card input. - The punched card input is as follows:
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CONSTS
ATOM
F2(G)
EFTAPE

METHOD

PANDK

MOLECULAR WT.= 38.00000

DATA

STATHT

Card | Label | Numerical |Label| Numerical | Label| Numerical | Label| Numerical
col- 1 value 1 2 value 2 3 value 3 4 value 4
umns
1to 6 _ . B
CONST HCK l1.4388 R 1.,98726 [SCONST| ~3.66511
ATOM 19. F2(G)
F2(G) HF298 | Oe
EFTAPE
ME THODP ANDK
DATA [STATWT| 1. WE 923. WEXE | 15.6 E +8909
DATA WMLPHAE| +0162 ISYMNO | 2.
FINISH
Listed output. - The listed output is as follows:
HCK 1.4388000 R 1.9872600 SZONST
19. F21G}
HF 298
1. WE 923. WEXE 15.6000000 8E
0.01620000 SYMND 2.

DATA
FINISH
F2(G)

ALPHAE

-3.66511

00

0.89090000

F24(3)
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HZERD

F2(6)

92

= -2109.698

100
200
298.15
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000

CP/R

3.5016367
3,5712715
3.7674544
3.7714767
3.9723299
4,1255408
4.2362054
4.3168867
4.3774085
4.4243385
4.4619371
4.4929844
4.5193276
445422208
4.5625337
4.5808824
4,5977121
4.6133497
4.6280400
4.6419680
4.,6552764
446680759
4.6804542
446924804
4,7042105
4.7156897
4.7269547
4.7380363
4.7489594
4.7597451
4.7704111
4.7809725
4.7914417
4,8018298
4.8121458
4.8223977
4.8325928
4.8427367
4.8528348
4.8628918
4.8729115
4.8828976
4.8928531
4.9027809
4.9126835
4.9225630
4.9324214
4.9422605
4.9520819
4.9618869
4.9716768
4.9814530
4.9912161
5.0009676
5.0107030
5.0204380
5.,0301589
5.0398707
5.0495740
5.0592700
5.0689586

(H~HO}/RT

3. 4963896
3.5097823
3.5606615
3.5619491
3.6402861
3.7228256
3. 7996674
3.8680834
3.9281369
3.9807662
4.0270678
4.0680542
4,1045904
4.1373928
4.1670478
4,1940346
442187455
4.2415028
4.26257?9
4.2821776
4.3005022
443177027
4.3339116
4.3492413
4.3637882
4.3776355
4.3908548
4,4035087
4.4156516
444273313
4.4385898
4+ 4494644
4.4599878
4.4701895
4.4800954
4.4897292
444991117
45082619
4.5171968
4.5259320
4.5344812
4.5428575
4.5510722
4.5591362
4.5670589
4.5748492
4.5825154
45900649
4.5975047
4.6048410
4.6120798
4.6192266
4.6262864
406332639
4. 6401635
4.6469890
4. 6537446
4.66064336
4.6670592
4.6736248
4.6801329

{H-H298) /RT

-7.1197225
-1.7982737
0.0000000
0.0232451
0.9862581
1.5996032
2.0303153
2.3514960
2.6011229
2.8011982
2.9654565
3.1029531
3.2199144
3.3207687
3.4087541
3.4862938
3.5552385
3.6170256
3.6727889
3.7234348
3.7696966
3.8121735
3.8513610
3.8876711
3.9214502
3.9529910
3.9825428
4.0103194
4.,0365047
4.0612585
4.0847194
4.1070091
4.1282343
4.1484891
4.1678568
4.1864116
4.2042197
4.2213399
4.2378255
4.2537239
442690784
4.2839279
4.2983077
4.3122498
4.3257836
4.3389356
4.3517303
4.3641901
4.3763356
4.3881856
4.3997575
4,4110675
4.4221303
444329599
4.4435688
4.4539688
4.4641712
4.4741860
4.4840228
4.4936906
4.5031976

S/R

20.4782846
22.9178321
24.3783007
24.4016178
25.5150812
26.4188421
27.1813467
27.8407331
7844213059
28.9397089
29.4078734
29.8346412
30.2267406
30.5894034
30.9267755
31.2421932
31.5383811
31.8175902
32.0817013
32.3323030
32.5707455
32.7981887
33.0156350
33.2239561
33.4239154
33.6161838
33.8013563
33.9799619
34.1524711
34.3193064
34.4808493
34.6374431
34,7893977
34.9369979
35.0805006
35.2201405
3543561349
35.4886808
35.6179628
35.7441478
35.8673916
35.9878392
36.1056252
36.2208724
36.3336983
3644442115
36.5525117
36.6586943
36.7628493
36.8650584
36.9654007
37.0639491
37.1607738
37.2559404
37.3495102
37.4415412
37.5320892
37.6212068
37.7089429
37.7953453
37.8804584

~(F-HO)/RT

16.9818952
19.4080498
20.8176394
20.8396688
21.8741952
22.6960166
23.3816793
23.9726498
24.4931691
26.9589429
25.3808057
25.7665870
26.1221502
26.4520106
26.7597277
27.0481586
27.3196356
27.5760875
27.8191288
28.0501258
28.2702436
28.4804864
28.6817236
28.8747149
29.0601273
29.2385483
29.4105020
29.5764532
29.7368197
29.8919754
30.0422597
30.1879787
30.3294101
30.4668088
30.6004052
30.7304115
30.8570232
30.9804192
31.1007662
31.2182159
31.3329105
31.4449821
31.5545530
31.6617365
31.7666397
31.8693674
31.9699965
32.0686297
32.1653447
32.2602177
32.3533211
32.4447227
32.5344877
32.6226768
32.7093468
32.7945523
32.8783450
32.9607735
33.0418839
33.1217208
33.2003255

-{F-H298) /RT

27.5980072
24.7161057
24.3783007
?24.3783727
24.5288231
24.8192389
25.1510313
25.4892371
25.8201830
26.1385107
26,4424169
26.7316880
27.0068262
27.2686346
27.5180213
27.7558994%
27.9831426
28.2005646
28.4089127
28.6088684
28.8010492
28.9860153
29.1642740
29.3362849
29.5024652
29,6631927
29.8188138
29,9696424
30.1159666
30.2580481
30.3961301
30.5304339
30.6611636
30.7885091
30.9126437
31.0337288
31.1519151
31.2673409
31.3801374
31.4904239
31.5983133
31.7039115
31.8073175
31.9086227
32.0079145
32.1052756
32,2007813
32.2945042
32.3865137
32.4768729
32.5656433
32.6528816
32.7386436
32.8229804
32.9059410
32.9875722
33.,0679183
33.1470208
33.2249203
33.3016548
33.3772607

H/RT

-T7.1197224
-1.7982737
0.0000001
0.0232451
0.9862581
1.5996032
2.0303153
2.3514960
2.6011229
2.8011987
2.9654566
3.1029531
3.2199144
3.3207687
3.4087541
3.4862938
3.5552385
3.6170256
3.6727889
3.7234348
3.7696966
3.8121735
3.8513610
3.8876711
3.9214502
3.9529910
3.9825428
4,0103194
4.0365047
4.0612585
4.0847194
441070091
41282343
4.1484891
4.1678568
4.1864117
402042197
4,2213399
4.2378255
4.2537239
4.2690784
4.2839279
4.2983077
443122498
4,3257836
4.3389356
4.3517303
4.3641901
4,3763356
4.3881856
443997575
4.4110675
4.4221303
444329599
4,4435688
4.4539688
4. 4641712
4.4741860
4.48407228
4.4936906
4.5031976

F2(5)

—F/RY

27.5980072
264.7161057
24.3783007
24.3783727
24.5288231
24.8192389
25.1510313
25.4892371
25.8201830
25.1385107
26.4424169
26.7316880
27.0068262
27.2686346
27.5180213
27.17558994
27.9831426
28.2005646
28.4089127
28.5088684
28.8010492
28.9860153
29.1642740
29.3362849
29.5024652
29.6631927
29.8188138
29.9696424
30.1159666
30.2580481
30.3961301
30.5304339
30.6611636
30.7885091
30.9126437
31.0337288
31.1519151
31.2673409
31.3801374
31.4904239
31.5983133
31.7039115
31.8073175
31.9086227
32.0079145
32.1052756
32,2007813
32.2945042
32.3865137
32.4768729
32.5656433
32.6528816
32.7386436
32.8229804
32.9059410
32.9875722
33.0679183
33.1470208
33.,2249203
33.3016548
33.3772607



HZEROD = -2109.698

100
200
298.15
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
210C
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000

F2(G)

cp

6.9586626
7.0970451
7.4369113
7.4949048
7.8940524
8.1985221
844184415
B.5787762
8.6990488
3.7923110
8.8670291
8.9287281
3.94810790
9.0265737
9.0669407
J.1034043
9.1368493
9.1679254
9.i971188
9.2247971
9.2512444
9.2766805
9.3012793
9.3251786
J.3484893
9.3713015
9.3936880
9.4157100
9.4374169
9.4588509
2.4800470
9.5010355
9.5218403
9.5424842
9.5629847
9.5833580
9.6036183
9.6237769
9.6438445
9.6638303
9.6837419
9.7035869
9.7233711
9.7431003
9.76271795
3.7824125
9.8020037
9.8215566
9.8410742
9.8605593
9.8800143
9.8994422
9.9188441
9.9382229
9.9575796
9.3769156
9.9962335
10.0155333
10.0348164
10.0540849
10.0733386

H-HO

694.8235
1394.9700
2109.6975
2123.5557
2893.6779
3699.1112
4530,5561
5380.8211
6244.9834
7119.7356
8002.8307
8892.7095
9788.2659

10688.6975

11593.4102

12501.9558

13413.9907

1432942469

15247.5132

16168.6202

17092.4316

18018.8352

18947.7400

19879.0679

20812.7559

21748.7495

22687.0020

23627.4751

24570.1335

25514.9492

26461.8958

27410.9519

28362.0972

29315.3142

30270.5889

31227.9070

32187.2568
33148,6274
34112.0088
35077.3936
36044.7725
37014.1396

37985.4873

38958.8115

39934.1064

40911.3662

41890.5874

42871.7656

43854, 8975

44839.9795

45827,0078

46815.9814

47806, 8955

48799. 7490

49794.5405

50791.2646

51789.9224

52790.5112

53793.0283

54797.4741

55803,8447

H-H298

-1414.8740
-714.7275
0.0000
13.8582
783.3805
1589.4137
2420.8586
3271.1236
4135.2859
5010,.0381
5893.1331
6783.0119
7678.5684
8579.0001
9483,7176
10392,2583
11304.2932
12219.5494
13137.8157
14058.9226
14982.7343
15909.1378
16838.0425
17769.3704
18703.0583
19639.0518
20577.3044
21517.7773
22460.4360
23405.2517
24352.1980
25301.2542
26252.393%4
27205.6167
28160.8911
29118.2090
30077.5593
31038.9297
32002.3115
32967.6958
33935.0742
34904.4419
35875.7900
36849.1138
37824.4087
38801.6685
39740.8896
40762.0574
4174541997
42730.2817
43717.3101
44706.2837
45697.1978
46690.0513
47684.8428
48681.5669
49680.2246
50680.8135
51683.3306
52687.7764
53694.1465

S

404695675
454543691
48 .446022
48.492359
50.705100
52.501108
54.016403
55.326775
56 .480524
57.510725
58.441090
59.289189
60.068392
60.789097
614459544
6?2 .086360
62.674963
63.229824
63.754682
64.252692
64.726539
65.178528
654610650
66.024638
66.422009
66.,804037
67.172083
67,527019
67.863839
68.201385
68.522412
68.833605
69.135578
69.428898
69.714075
69.991576
70.261832
70.525235
70.782152
71.032914
71.277832
71.517193
71.751265
71.980290
72.204505
T2.424123
72.639344
72.850356
73.057340
73.260455
73.459862
73.655703
73.848119
74.037240
74.223187
T4 406076
74.586020
74.763119
74.937473
75.109178
75.278319

~{F-HO}

3374.7441

7713.7682
12334.4840
12424.1519
17388. 3621
?2551,.4426
27879.2852
33347.9209
38939.4360
44639.9175
50438.2598
56325.3919
62293.8042
68337.1289
74449.9502
80627.5850
B6865.9502
93161.4531
99510.9150
105911.4961
112360.6484
118856.0742
125395.6914
131977.5977
138600.0664
145261.4922
151960.4160
158695.4746
165465,4160
172269.0664
179105.3418
185973.2227
192871.7539
199800,.0508
206757.2656
213742.6094
2720755.3398
227794.7441
234860.1699
241950.9746
249066.5566
256206.3535
263369.8203
270556.4336
277765.7148
284997.1875
29225043906
299524.9102
306820.3281
314136.2539
321472.3008
328828.1016
336203.3242
343597.6211
351010.6719
358442,1563
365891.7852
373359,2695
3800844.3164
388346.6758
395866.0703

~(F-H298)

5484.4415
9823.4656
14444,1814
14533.8492
19498.0596
24661.1401
29988.9827
35457.6182
41049,1333
46749.6147
52547.9570
58435.0952
64403.5015
70446.8262
76559.6475
82737.7822
88975.6475
95271.1504
101620.6113
108021.1924
114470.3457
120965, 7715
127505.3887
134087.2949
140709.7637
147371.1895
154070.1113
160805.1719
167575.1133
174378.7617
181215.0391
188082.9199
194981,4512
201909.7480
208866.9629
215852.3066
272865.0352
229904.4395
236969.8672
244060.6719
251176.2559
258316.0508
265479.5156
272666.1328
279875.4102
297106.8789
294360.0859
301634.6055
308930.0273
316245.9492
323581.9961
330937.7969
338313.0195
345707.3125
353120, 3633
360551.8516
368001.4805
375468.9648
382954.0156
390456.3711
397975.7656

H

-1414,8739
~T14.7275
0.0001
13.8582
783.9805
1589.4137
2420,8586
3271.1237
4135,2859
5010.,0381
5893,1332
6783.0120
7678.5684
8579.0001
9483.7128
10392,.2583
11304.2932
12219.5496
13137.8197
14058.9226
14982,7343
15909.1378
16838.,0425
17769.3704
18703.0583
19639.0518
20577.304%
21517.7773
22460.4360
23405.2517
24352.1980
25301.2542
26252 .399%
27205.6167
28160.R911
29118.2095
30077.5593
31038.9297
32002,.3115
32967.6958
33935.0742
34904.4419
35875.7900
36849.1138
37824.4087
38801.6685
39780.8896
40762.0674
41745.1997
42730.2817
43717.3101
44706.2837
45697.1978
46690.0513
47684.8478
48681.5669
49680.2246
50680.8135
51683,3306
52687.7764
53694.1465

F213)

-F

5484.4415
9823,4655
14444.1814
14533.8492
19498,0596
24661.1401
29988.9827
356457.6182
41049.1333
46749.6147
52547.9570
58435,0952
644n03,5015
70446.8262
76559.6475
82737.2822
88975.6475
95271.1504
101620.6113
108021.1924
114470.3457
120965.7715
127505.3887
134087.2949
140709.7637
147371.189%
15407041113
160805,1719
167575.1133
174378,7617
181215.0391
188082,.9199
194981.4512
201909.7480
208B66.9629
21585243066
222865,0352
229904.4395
236969.8672
244060.6719
251176.2559
258316.0508
265479.5156
272666,1328
279875.4102
287106.8789
294360.0859
301634.6055
308930.0273
316245.9492
323581.9961
330937.7969
338313.0195
345707.3125
353120.3633
360551.8516
368001.4805
375468.9648
382954.0156
390456.3711
397975.7656
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Example 3 (F(g) with LOGK Option)

Problem. - In addition to calculating thermodynamic functions, calculate the heat of
formation and equilibrium constant values for F(g) from Fy(g) for the temperatures,
298. 15°, 1000°, 2156°, 3000°, and 5000° K. Use the enthalpy and free energy values
for F, calculated in example 2 (i.e., the EFDATA and binary EF data cards for F,).
For F(g), use the following data:

(1) Physical constants and atomic weight: same as example 1

(2) Heat of formation: AH?(298. 15) = 18 858. 2 calories per mole

(3) Spectroscopic data: J; = 3/2, €,=0 and Jy = 1/2, €q /hc = 404, 1 centimeter”

Punched card input. - The punched card input is as follows:

1

Card | Label| Numerical | Label | Numerical | Label| Numerical |Label| Numerical [Card
col- 1 value 1 2 value 2 3 value 3 4 value 4 col-
umns umns
1to 6 79 to
80
CONSTS] HCK 1.4388 R 1.98726 ISCONST| =3.66511
ATOM F 19. F2{6)
EEDATAF2(6) 0. HZERQ | -2109.6975MELTPT 0. T NO. 61,0000
0o
01
02
. 3
Binary EF data for Fz(g) 4
5
6
7
o e 08
F1(G) HF298 | 18858.2
LOGK
TEMP [T 298.15 T 1000. L 2156, i 3000.
TEMP T 5000
METHODIALLN
DATA | 1.5 0. .5 40441
FINISH]
Listed output. - The listed output is as follows:
CONSTS HEK 1.4388000 R 1.9872600 SIONST -3,6651100
ATOM F 19. F2(6)
FFDATA F2(G) HZERO -2109.69751 MELTPT T NO. 61,
F1(6) HF 298 18858.200
LOGK
TEMP T 298.15000 7 1000, T 2156, T 3000,
TEMP T 5000,
METHOD ALLN
DATA 1.5 .5 404.,10000
FINISH
FL(G) F1(G)
HZERD =  17300.217
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T CR/R {H-HO}/RY tH-H298) /RT S/R
298.15 2.7357659 2.6294998 0.0000000 19.0800488
1000 2,5577199 2.6270264 1.86430411 22.2807670
2156 2.5145423 2,5745148 2.2108852 24.2257791
3000 2.5077611 2.5565408 2.2952124 25.0552444
5000 2,5028820 2.5358168 2.3790197 26.3348284
HZERD = 17300.217
T cp H-HO H-H298 s
298.15 5.4366781 1557.9827 0.0000 37.917017
1000 5.0828543 5220.5845 3662.6018 44.277677
2156 449970493 11030.5924 9472.6096 484142921
3000 4.9835732 15241.5339 13683,5511 49.791285
5000 4.9738773 25196.6357 23638.6528 52.334151
F1{G)
HZERD = 17300.217
T CP/R {H-HO)/RT S/R ~{F=HO)/RT H/RT -F
298.15 2.7358 2.6295 19.0800 16.4505 31.8281 -12
1000 2.5577 2.6270 22.2808 19.6537 11.3326 10
2156 2.5145 2.5745 24,2258 21,6513 6.6123 17
3000 2.5078 2.5565 25.0552 22.4987 5.4584 19
5000 2.5029 2.5358 2643348 23,7990 4.2769 22
T cp H-HO S —{F-HO) H
o - o e 0 17300.2
298.15 5.4367 1558.0 37.9170 9747.0 18858.2
1000 5.0829 5220.6 44,2777 39057.1 22520.8
2156 4.9970 11030.6 48.1429 92765.5 28330.8
3000 4.9836 15241.5 49.7913 134132.3 32541.8
5000 4.9739 25196 .6 52.3342 236474.1 42496.9
FL(G)

—{F=HO)/RT -

16.4505491
19.6537406
21.6512644
22.4987037
23.7990117

—{F-HO)

9746.9762

(F-H298) /RY

19.0800488
20.4377258
22.0148938
22.7600319
23.9558086

~(F-H298)

11304.9589

39057.0923 40615.0747

92765.5459
134132,3203 1
2364T4.1172 2

94323,.5283
35690,3008
38032.0996

REFERENCE ELEMENTS

H/RT

31.8281004
11.3325893
6.6123454
5.4583951
4.2769293

H

18858.1995
22520.8013
28330.8088
32541.7505
42496.8521

F1(G)

-F/RT

-12.74B0516
10.9481778
17.6134338
19.59568494
22.0578990

-F

-7553.2406
21755.8757
75465.3301
116832.1035
219173.8984

GASEOUS ATOMS

IRT DELTA H/RT ~DELTA F/RT DFLTA H/RT -DELTA F/RT

.7481 31.8281  ~24.9372 0 0

9482 9.8499 -2.2730 o 0

6134 4.6951 3.0701 0 o

.5968 3.4160 4.3988 0 0

.0579 2.0771 5.7751 o o

REFERENCE ELEMENTS GASEOUS ATOMS
DELTA H LaG K DELTA H LOG K
18355.1 ————- 0 —————
18858.2 -10.8301 0 0
19574.2 ~0.9872 0 0
20116.3 1.3333 o 0
20365.7 1.9104 0 0
20638.2 2.5081 0 0
FL(5)

Example 4 (P(s) with Least-Squares Fit)

Problem, - Use the data for P(solid) given in reference 3 to calculate the least- .
squares coefficients and punch them on cards as required for use with the program

described in reference 33.

Use functional form given in equations (10) to (12) with

q;=1, 2, 3, 4, and 5. The data are normally fitted in two temperature intervals, 300°

to 1000° K and 1000° to 5000° K. However, since P(solid) melts at 317. 3° K, there

will be only one set of coefficients for this case.
Punched card input. - The punched card input is as follows:

Card |Label
col- 1

umns
1to 6

CONSTS|
PLIS)

LSTSQS|
METHODREADIN|
DATA [T
DATA T
DATA [T

value

298415
300.
3173

FINISH

Numerical | Label

1 2

R
HF298

MELTPT]
cP
CP
CP

Numerical |Label| Numerical |Label| Numerical
value 2 3 value 3 4 value 4

1.98726

0.

317.3

54694 H~-HO 1282.3 S 9.981
5,705 H-HO 1292.8 S 10,016
5.798 H=-HO 1392.3 S 10.338
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Listed output. - The listed output is as follows:

CONSTS R 1.9872600
P1{s) HF298
ATOM CARD MISSING OR FORMULA INCORRECT,. Cl60
LSTSQS
METHOD READIN MFLTPT 317.30000
DATA T 298.15000 cp 5.6940000 H-HO
DATA T 300. ce 5.7050000 H-HO
DATA T 317.30000 ce 5.7980000 H-HO
FINISH
LEAST SQUARES
T CP/R INPUT CP/R CALC HH/RT INPUT HH/RT CALC
INPUT-CALC FRACTION INPUT-CALC FRACTION
300.00 2.8707869 2.8707715 2.1684799% 2.16847417
0.0000154 0.0000053 0.0000052 0.0000024
317.30 2.9175850 2.9175850 2.2080457 2.2080456
0. O. 0.,0000001 0.,0000000
MAX-REL ERR CP/R = 0,000005 TEMP = 300. AVER REL ERR CP/
MAX REL ERR HH/RT = 0.000002 TEMP = 300. AVER REL ERR HH/
MAX REL ERR S/R = 0.000044 TEMP = 300. AVER REL ERR S/R
MAX REL ERR FH/RT = 0.000076 TEMNP = 300. AVER REL ERR FH/
MAX ERR CP/R = 0.000015 TEMP. = 300. AVER ERR CP/
MAX ERR HH/RT = 0.000005 TEMP = 300. AVER ERR HH/
MAX ERR S/R = 0.000223 TEMP = 300. AVER ERR S/R
MAX ERR FH/RT = 0.000217 TEMP = 300. AVER ERR FH/

CP/R =

{H-HO)/R CONSTANT =

2.7877384E 00T** O,

PUNCHED BINARY CARDS--

0.

-2.1253577E-03T** 1.0

0.30000000E 03

P1{S)

0.
0.10000000E 04

P1{S) C. -0.10519705€ 02
0. 0. 0.
0. 0. 0.
P1{(S)
HZERD = ~-1282.300
T CP/R (H-HO) /RT {H-H298) /RT
298.15 2.8652516 2.1642137 0.0000000
300 2.8707869 2.1684799 0.0176122
317.30 2.9175850 2.2080457 0.1744488
HZERO = -1282.300
T ce H-HO H-H298
298.15 5.6939999 1282.3000 0.0000
300 5.7049999 1292.8000 10,5000
317.30 5.7979999 1392.3000 110.0000
P1{S)

=3.5459652E-07T*¢ 2.0

0.31730000E 03

0

0. 0. .
0.27877383E 01 -0.21253577E-02 -0.35459652E-06

0.
0.
0.

S/R

5.0224932
5.0401955
5.2021376

S

9.981000
10.016000
10.338000

-0.15448489€ 03, H/R{A6) CONSTANT =-0.79974519€ 03,

1282.30000 S
1292.80000 s
1392.30000 S
S/R INPUT S/R CALC
INPUT-CALC FRACTION
5.0401055% 5.0398830
0.0002225 0.0000441
5.2021376 5.2021372
0.0000005 06.0000001
R = 0.000003 REL LST
RT = 0.000001 REL LST
= 0.000022 REL LST
RT = 0.000038 RFL LST
R = 0.000008 LST
RT = 0.000003 LST
= 0.000111 LST
RT = 0.000109 LST

0.10000000E 04
0.
0.55271665E-07
0.

0.
0.

~{F=H0}/RT

2.8582796
2.8716256
2.9940919

={F~HO)

1693,5351
1712.0000
1887.9474

0.50000000F 04

5.5271664F-08T*¢ 3.0

9.9809999
10. 0160000

10.3380001

—-FH/RT INPUT
INPUT-CALC
2.8716256
0.0002173
2.9940919
0.0000004

ERR CP/R
ERR H-/RT
ERR S/R
ERR FH/RT
ERR CP/R
ERR HH/RT
FRR S/R
ERR FH/RT
-9.1330942F~-1

LU T I 1]

S/R CONSTANT =-0.10519705E 02

0.

~FH/RT CALC
FRACTION
2.8714083
0.0000757
2.9940915
0.0000001
0.000004
0.000002
0.000031
0.000054
0.000011
0.000004
0.000157
0.000154
1T%#* 4.0

0.
-0.91330943E-10

0.30000000F 03
~0.79974519E 03

Punched Card Input for Examples 1 to 4 Combined

0. 0.

0. 0.

0. 000000

~{F-H298) /RT H/RT -F/RT
5.0224932 0. 0000000 5.0224932
5.0224932 0.0176122 5.0224932
5.027688% J.1744488 5.0276888
-{F-H298) H -F
2975.8351 0.0000 ?2975.8351
2994.2999 10.5000 2994.2999
3170.2473 110.0000 3170.2473
PLIS)

Examples 1 to 4 may be all run in a single machine pass as well as individually,
In this case, however, the general data may be combined. Thus the punched card input

is as follows:
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1]

Card | Label| Numerical |Label | Numerical |Label|{ Numerical |Label|Numerical
col- 1 value 1 2 value 2 3 value 3 4 value 4
umns
1to6
CONSTS] HCK 1.4388 R 1.98726 [SCONST} ~-3.66511
ATOM F 19.0000 F2(6)
ATOM MG 24.3200 MGL(S)
MG1F2(G)
TEMP [T 100. 1 100. T 5004
ME THODRRHO
DATA STATHT 1. V1 540 va(2) 500. V3 820.
DATA [IB 19.77 ISYMNO 2.
FINISH
F2{G}) HF298 [ O.
EFTAPE
METHODPANDK
DATA [STATWT| 1. WE 923 WEXE 15.6 BE -8909
DATA NALPHAE 0162 S YMNO 2e
FINISH
F1{G) HF298 | 1885842
LOGK
TEMP |T 298.15 u 1000. T 2156. u 3000.
TEMP [T 50004
METHODALLN
DATA 1e5 O. 5 4041
FINISH
P1(S) HF298 O
LSTSQS
METHODREADIN MELTPT] 317.3
DATA [T 298415 ce 54694 H=HO 12823 S 9.981
DATA [T 300. C P 5705 H-HO 1292.8 S 10.016
DATA [T 317.3 P 5.798 H=HO 1392.3 IS 10.338
FINISH f

Example 5 (Ar(g), HoO(g), Mg(g), Mg(s, £), and MgO(g))

Description of problems. - This example is a combination of several problems. The
input includes a more complete set of general input data and specific data for five species,
Ar(g), HyO(g), Mg(g), Mg(s, £), and MgO(g).

The general data include ATOM cards for the first 20 elements. For simplicity,
however, only five sets of EFDATA and binary EF data were included for three assigned
reference elements and two monatomic gases, namely, Mg(s, £), Hz(g), Oz(g), H(g),
and O(g). A LISTEF card is inserted before the 02 EFDATA, and so the data on the
binary EF data cards for 02 will be listed in the output.

The specific input data cards are for solving the following problems:

(1) Ar(g) - Calculate thermodynamic functions from the following empirical equa-
tions (method COEF): Cp/R 2.5, (HT - Ho)/RT 2.5, and S0 /R=25InT+
4,3661076. Punch these coefficients for use with reference 33. Assume H298 15 =
AHf(998. 15) =

(2) H20(g) - Calculate the thermodynamic functions for T = 5000° K using the
NRRAO2 method. List intermediate results. Use Hg = 57 103. 5 calories per mole.

(3) Mg(g) - Perform the following options in the calculations:

(a) Calculate the thermodynamic functions using the lowered ionization potential
cutoff technique (method TEMPER).
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(b) Include unobserved but predicted electronic levels (FILL option),

(c) Include option for punching EFDATA and binary EF data cards and putting
data on tape (EFTAPE card).

(d) Do a least-squares fit of the functions from 1000° to 5000° K assuming the
following c? equation: ay + a2T + a3T2 +a 4T3. Constrain the curve fit to fit the func-
tions exactly at 1000° K.

(e) Include DATE cards so 4/63 will be punched on coefficient cards.

(4) Mg(s, £) - Perform the following options in the calculations:

(a) Calculate AH7, and log K, and tabulate the values with the thermodynamic
functions (LOGK card).

(b) Read in data directly for the solid. (Note that DATA cards have several
examples of various possible labels as given in table VIII.

(c) Assume C° = 8 calories per mole per %K for the liquid.

(d) Calculate the integration constants (eqs. (11) and (12)) using a heat of melt-
ing value of 2140 calories at the melting point, 923° K.

(5) MgO(g) - Calculate thermodynamic functions using PANDK method and including
two excited electronic states. (Note that columns 79 to 80 identify to which of the three
states the data belong). Calculate and list tables which include AH% and log K values.
Use a disssociation energy of 90 kilocalories per mole at 0° K.

Punched card input. - The punched card input is as follows:

Card [Label{ Numerical |Label | Numerical |Label| Numerical [Label{ Numerical (Card
col- 1 value 1 2 value 2 3 value 3 4 value 4 col-
umns umns
1to 6 79 to
. —_— 80 3
CONSTSHCK 1+4388 R 1.98726 ISCONST| =3.66511
ATOM HAL 26.9800 JAL1(S) 2 16
ATOM (AR 39.9440 [ARL(G) 13 61
ATOM 10.8200 |B1(S) 6
ATOM [BE 9.013 [BEL(S) 4 13
ATOM 12,0110 [c1(S) 12 15
ATOM A 40,0800 [CAL(S) 4 61
ATOM L 35.4570 |[CL2(G) 30 156
ATOM S 132.9100 |CS1(S) 2] 72
ATOM [E .000548613 [E1(G) 2 2
ATOM 19.0000 [F2(6) 30 6
ATOM 1.008 [H2(6) 2] 2
ATOM E 44003 [HELI(G) 4 1
ATOM 39,1000 [K1(S) 2 32
ATOM |LI 6.940 |LIL(S) 2 8
ATOM G 24.3200 |[MG1(S) 4 33
ATOM 14,0080 IN2(G) 30 20
ATOM [NA 22.9910 |NAL(S) 2 18
ATOM E 20.1830 |NEL(G) 12] 1
ATOM 16.0000 [02(G) 40 15
ATOM 30.9750 |P1(S) 30 170
ATOM |S 32,0660 [S1(S) 404 215
ATOM |S1 280900 [ST1(S) 12| 75
EFDATAMG1(S) 0. HZERD | -1190<3000MELTPT 1923,0000| T NO 28,0000
CDOUMOPO
cDbuUMOp 1
Binary EF data for Mg(s) COUMO 2
B _IBCDUMOP3.
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eroatah2(6) |

eroatah1(6) |

eFpaTApL(6) |

LISTEF
EFDATAD2(G)

[\

0.

0.

O.

Jhzero | :2023—.8090|MELT p1l

Oe

|+ nod

61.0000

Binary EF data for Hz(g)

00
01
02
03
04
05
06
o7
o8

inéRo | 50616.4995FELTPTi

~0.

1 nod

61.0000

Binary EF data for H(g)

BCDUMOPO
BCOUMOO1
BCDUMOD 2
BCDUMOK3
BCDUMOR 4
BCDUMOPS
BCDUMO 6
BCDUMOPO 7
BCDUMO 8

lizero | 57949.1504MECTPT]

Binary EF data for O(g)

=0

[T no.l

61,0000

BCDUMOPO
BCDUMOP 1
BCDUMOP 2
BCDUMOP 3
BCDOUMOPD 4
BCDUMOP 5
BCDUMUD6
BCDUMOI 7
BCDUMOP 8

IHZERD I -2074.7390{1@.1 PTl

—-0.

[+ ol

61.0000

Binary EF data for Oz(g)

BCDUMOPO
BCDUMOP 1
BCDUMOPD 2
BCDUMOP 3
BCDUMOPO 4
BCDUMOPS
BCDUMOP 6
BCOUMOP7
BCOUMOP 8
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100

298.15

T 6000.

H298HO 1481.254

cS 4.3661076
X11  }45.18

X22  17.04

Y122 |-0.1

v223 |J1.55

SYMNO J2.

ALFABY. 238

ALFAC2. 1392

T 298.15

EXP 0.

2 21911.140 | 3
2 47957.018 | 3
1 47844444 4
7 54192443 4
2 57873.89 3
1 54699 .4 5
3 54676466 4
2 57020.1 6
3 57204.22 5

7

3 58575.54 6
13.5 | 59935.38 8
3 7
13.5 | 60301.30 9
13.5 |60562.64 lo
13.5 [ 60755.78 (L1
13.5 | 60902.53 (12
3 61016.42 13
IP 61669.14 |14
S 2.263

s 54511

S 7.780

S 7.817

s 9.569

S 10,989

~FHORT| 3.5286

S /R 6.6730

-FHO/T| 8.569875

S 15.125

S 15.322

£1 0.

T 6000.

WLPHALl  .0050 1

1

WEXE 3.89 2

BETAL -+05~06] 2

MEXE 4,74 3

BETAL «025-06| 3

AR1{G) AS INDH u

TEMP 298415 T 1000. 1 1000.

ME THODICOEF REDUCE]

DATA 100. T 6000.

DATA [l 2.5 3 0 CH-HO .
ARL(G)[TPUNCH 300TPUNCH 1000TPUNCH 5004
FINISH

H201 (G ASINDH ~57103.5 (T 0.

TEMP 5000,

INTER

METHO E NRRAD2|

DATA N1 656465 v2 1594.78 V3 3755.79
DATA K12 f[15.14 X33 44462 x13 |-165.48
DATA V233 .81 ¥333 |-.45 X23  |19.99
DATA 11l |47 Y112 [.10 v113 |68

DATA [N123 [1.72 Y133 [L.17 222 |-.60

DATA O 57.848 BO 14.5064 co 9.28285
DATA QALFAALL 750 ALFAAZF2.941 ALFAA3ZN . 253

DATA MLFABZ-.160 ALFAB3.078 ALFAc1k 2018

DATA QLFAC3l.1445 RHO  |.0000213 STATWTHL«

FINISH

MG1(G) DELTAH 35.6 KCAL

EFTAPE

LSTSQS 1000. T 5000. TCONST 1000.
LSTSQSEXP 1. EXP 2. £ XP 3.

DATE 4/63

ME THOD[TEMPER| FILL

DATA o 0. o | 21850.368 1 218704426
DATA [ 35051436 2 46403.14 3 47957.035
DATA 1 41197437 o 43503.34 o 47841420
DATA 2 47851.14 1 49346.71 2 53134.70
DATA 1 479574047 o 57812.72 1 57833.28
DATA 1 51872.36 o 52556437 4 54252.6
DATA 2 5467676 3 4

DATA 2 55891.83 0 56187.03 1.5 57018.8
DATA 2 56308443 7 56968431 10 57204422
DATA 1 57853.5 o 58009.46 4 58478.4
DATA 1 58023.27 7 58442462 10 58575454
DATA 1 58962.49 2 59690.02 7 59880.3
DATA 2 59041409 7 5931744 10 59400.77
DATA 1 5964842 2 60127.31 7 60263.0
DATA 1 6010345 2 60435415 7 60534.5
DATA 1 60420.2 2 60658.37 7 60734.0
DATA 1 6064942 2 6082646 7 60884.8
DATA 1 6082049 2 60955 .8 7 61002,2
DATA 1 6095240 7 6109446 3 61106.98
FINISH

MG1(S) AS INDH 0. T 298.15
LOGK

ME THODR EADIN| MELTPT| 923,

DATA [f 100, cp 3.753 H-HO /T 1.529
DATA (T 200. cp 5.418 H-HO 630.9
DATA |7 298.15 [cp 5.929 H-HO 1190.3
DATA [T 300. cp 5.937 H-HO 1201.3
DATA |[r 400, cp 64241 H-HO 1811.3
DATA [f 500, cp 64493 H-HO 2447.7
DATA T 600, cP/R 3.4047  H-HORT 2.608
DATA |7 700. cp 7.084 H-HO 3802.0
DATA [T 800. cp Te426 H-HD 4527.3
DAYA [F 900. cp T.792 H-HO 5288.0
DATA [T 923. cp 7.880 H-HO 546842
METHODCOEF DELTAHR140.

DATA [F 923, T K000 . 1 8.0
FINISH

MG101 () pISsoc 90KC AL

TEMP [T 298.15 JT 1000. I 1000.
REFNCERGPECTR 24p1ssoc 319

LOGK

ME THODP ANDK

DATA WE 782.99 JWEXE 5.15 BE .5713
DATA pE 1.21-06BETAL «02-04

DATA [STATWT 2. To 3503.28 HWE 662.69
DATA BE .5029 JALPHAL «0046DE 1.172-06)
DATA [KTATWT 1.0 To 20003.57 WE 821.91
DATA BE «5791 |[ALPHAL <0045 PE 1.13-06|
FINISH 1




Listed output. - The listed output is as follows:

CONSTS
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOw
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATNM
ATOM
ATOM
FFDATA
FFDATA
EFDATA
EFNATA
LISTFF

FFOATA

AL

AR

BE

ca
cL

Ccs

NA
NF
0
p
S
ST
MGLI{S)
H2(G )}
HI(G)

011G}

02(6)
T

100.00n0
298.150
400.000
6£00.N0N
80n. 000
1000.000
1200.900
1400.000
1600.000
1800.000
2000.000
?2200.000
?2400.000
26004100
2800.000
3000.000
37200.000
3400.000
3600.000
3800.000
4000,000
4200.000
4400.,000
4600.000
4800.0N0
5000.000
5200.000
5400.000
5600.000
5800.000
£100,.000

26.9800000
39.9439998
10.8200001
9.0130000
12.0110n00
40. 0799999
35.4569998
132.91000
0.54861300F-03
19.

1. 0080000
4. 00300100
39. 0999999
6.9400000
24.3199999
14.0080000
22.9909999
20.1830001
16,
30.9749999
32.0660000

2B. 0899999

H-HO/RT
3.48991537
3.50165999
3.51979873
3.59312224
3.68591803
3. 77485391
3.85329697
3.92130366
3.98077118
4.03372759
4.08182836
4.12628472
4.16793766
4,20731878
4e 24480504
4.28061569
4. 31489480
4434773630
4437920725
4440936083
4. 43824393
4. 46590537
4449239421
4. 51776236
4.54206461
4. 56535631
4. 58769345
4460913157
4.62972367
64464952016
4.66856867

HCK 1.4388000
ALL1(S) 2
AR1(G) 12,
BL(S) 2
BEL{S) 4a
cL{s)y 12.
CAL(S) 4
cL2(G) 30.
LsliEs) 2.
F1{G) 2.
F2{G) 30.
H2 (G) 2.
HE1 (G) b4,
K1{S) 2.
LILISY 2.
MG1(S) be
N2 (G) 30.
NAL(S) 24
NF1(G) 12.
0216) 40.
PL(S) 30.
S11(S) 40.
SI1(S} 12.
HZERC -1190.30000
HZEROD -2023.80000
HZERD 50616.500
HZEROD 57949.150
HZ7ERD -2074.73901
—{F-HO)/RT

17.34113860
21.15892196
22.19011092
23.62983251
24.67612839
25.50834012
26.20367932
76.80289793
27.33048058
27.80245972
28.22998142
28.62113166
28.98196840
29.31714988
29.63032866
29.92442012
30.20178723
30.46436810
30.71377516
30.95136023
31.17827082
31.39548731
31.60385752
31.80411649
31.99690747
32.18279886
32.36229420
32.53583956
32.70383739
32.86664820
33.02459717

MELTPT
MELTPT
MELTPT

MELTPT

MELTPT

200.000

300.000

500.000

700.000

900.000
1100.000
1300.000
1500.000
1700.000
1900.000
2100.000
2300.000
2500.000
2700.000
2900.000
3100.000
3300.000
3500.000
3700.000
3900.000
4100.000
4300.000
4500,000
4700.000
4900.000
5100.000
5300.000
5500.000
5700.000
5900.000

1.9872600
16.
61,

-3
13.
15.
61.

156 .
72.
2.
6.

2.

32.

8.
33.
20.

18.

15.
170.
215.

75.

923.

SCONST

T NO.
T NO.
T NO.

T NO.

T NO.
H-HO/RT
3.49561310
3.50185835
3.55167121
3.63907662
3.73153207
3.81546095
3.88850057
3.95197189
4.00794911
4.05829930
4.10445231
4414741892
4.18788111
4.22628319
4.26290929
4029794002
4.33149058
4436363965
4.39444572
4.42395830
4445222443
4.47929311
4,50521505
4.,53004336
4.55383325
4.57664078
4.59852165
4.61953032
4.63971829
4.65913516

-3. 6651100

28.
6l
6le

6l

6le

~{F-HO)/RT
19.76229215
21.18058252
22.97872639
24.18713498
25.11291909
25.87004900
26451351452
27.07449675
27.57263613
28402121544
28.42968559
28.80502057
29.15251803
29.47629261
29.77960134
30.06506443
30.33481860
30.59062862
30.83396959
31.06608510
31.28803492
31.50073051
31.70495868
31.90140796
32.09068251
32.27331686
32.44978428
32.62050772
32.78586960
32.94621086
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ARL( G}

TFMP

METHOD

DATA
DATA

DATA

FINISH

PUNCHED BRINARY CARDS--

ARLLG)

0.
0.10000000F 04

AR1L G)

0.
a,

ARL(G)

H?ERD =

T

298.

1000
2000
3000
4000
5000
6000

HZERN =

298.

1000
2000
3000
4000
5000
5000

H201(G

TEMP

INTERM

METHOD

MOLECULAR WT,.=

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

FINISH

102

ASINDH T 298.15000
T 298.15000 T 1000. I 1000, T
COEF REDUCE H298HG
T 100. T 6000,
c1l 2.5000000 El CH~HO cs
TPUNCH 300. TPUNCH 1000. TPUNCH 5000.
0. 0.30000000E 03 0.50000000E 04 0.10000000E 04 G. 50000000 04
N . . -0.74537499E 03 0.43661076E 01
0.250000008 01 0. 0. 0. 0.
0. 0.43661076E 01 J. 0. 0.
0. Q. Je 0. O.
0. C. a. Q. 0.
-1481.254
CP/R (H-H0) /RT (H-H298) /RT S/R —{ F=HO ) /RY -{F-H298}/RT

15 ?.5000000 2. 5000000 0.0000000 18.6100993 16.1100993 18.6100991
2.5000000 2.5000000 1.7546250 21.6354954 19.1354954 19.8808703
2.5000C000 2. 5000000 2,1273125 23.3683634 20.8683634 2142410507
2.5000000 2. 5000000 2.2515416 24,3820262 21.8820262 22.1304843
?.5000000 2.5000000 2.3136562 25.1012313 22.6012313 22.7875750
2.5000000 2.5000000 2.3509250 25.6590903 23.,1590903 23.3081651
2.5000000 2.5000000 2.3757708 26.1148942 23.6148942 23.,7391231

~1481.254

ce H~HD H-H298 S -{F~HO) -(F-H298)
15 4.9681500 1481.2539 0.0000 36.,983106 9545.2592 11026.5129
449681500 4968. 1500 3486.8950 42.995354 38027.2041 3950B.4580
4,9681500 993642999 8455, 0459 46.439013 82941.7266 84422,9805
4.96R1500 14904.4498 13423.1958 48.453425 130455.8252 131937.0781
4,9681500 19872.5999 18391.3459 49.882673 179658.0898 181139,.3438
4.9681500 24840,7498 23359.4958 50.991283 230115.6660 231596.9180
4.9681500 29808.8997 28327.6455 51.897084 281573.6055 283054.8555
1 ASINDH ~57103.500 7
T 5000,
NRRAO2

18.01600
Vi 3656.64999 v2 1594.78000 v3 3755.79001 X11
Xxt2 -15.1400000 X33 -64,6199999 X13 -165.48000 X22
Y233 —-0.81000000 Y333 -0,45000000 X23 -19.9900000
Y111 0. 47000000 Y112 -0.09999999 Y113 0.68000000 Yiz2
Y1723 ~1.7200000 Y133 1.1700000 vz2zz -0.60000000 Y223
A0 27. 8480000 80 14.5064000 co 9.2828500 SYMND
ALFAAL 0.75000000 ALFAA2 ~2.9410000 ALFAA3 1.2530000 ALFABL
ALFAB2 ~0.16000000 ALFAB3 0.07799999 ALFACL 0.,20180000 ALFAC2
ALFAC3 0.14449999 RRO 0.21300000E-04 STATWT 1.

6000.

1481.25400

43661076

0.25000000€ 01
0.30000000E 03

~0.74537499E 03

0.
0.
000300
H/RT -F/RT
0. 0000001 18.6100991
1. 7546250 19.8808703
2.12713125 21.2410507
242515416 22.1304843
2.3136562 22.78715750
2.3509250 23,3081651
2.3757708 23.7391231
H -F
0. 0000 11026.5129
3486.8961 39508.4580
8455,0459 84422.9805
13423,1958 131937.0781
18391.3459 181139.3438
23359.4958 231596.9180
28327.6455 283054,8555
-45.1799998
~17. 0400000
-0.03999999
1.5500000
2.
0.23800000
0.13919999



A0 = 27.84RN00 30 = 14.506400 €0 = 9,282850 RHO = 0.21300000E-04
Al = 0.0325387 ALPHA A = 0.7500000 ALPHA B8 = 0.2380000 ALPHA C = 0.2018000 I =]
Al =-N0,0508216 ALPHA A =-2,9410000 ALPHA B8 =-0.160020% ALPHA C = 0.1392000 1 =2
Al = 0.0329683 ALPHA A = 1.2530000 ALPHA B = 0,0730000 ALPHA C = 0.1445000 1 =3
THETAl1) =.44832230 THFTA(2) =,37102938 THETA{3) =,
Yil,1e1} = 0.470 Y{l.1,2) = -0,100 Y{lele3) = 0.68B0 Y{:142+2) = -0.100 Yi1,2,3}) = -1.720
¥Y{1l.3+3) = 1.17" Y{2+242) = -0.€00 Y(2+2+3) = 1.550 Y{2,3,3) = —0.810 Y{3¢3+3) = -0.450
X{Ted}
—42.7750 -16.40N0 -162,¢€4C0
-16.4000 -19.0150 -19.3700
-162.6400 -19.37N10 -46.4650
LFVEL =-0
VI1) =3656.6500(1) 611 = 0.
vi2) =1594.78n01(1) G22 = n,
Vi3) =3755.79Ca( 1) 633 = 0.
T = 5000,000
U =1.0522376 R =0.3491556 =1.5364656 1
11 =0,4589139 R =0,6319697 S =2,7171673 1
U =1.08107661 ? =0,3393355 S =1.5136275 1
CONTRIRUT EOV - 0 LN O H=HO/ RT CP/R
Et £CTR 1.0000 0. 0. 0.
H.D. 6.3191 1.84358367 1.90763232 2.80335173
R.R. 2964, 7072 7.99453354 1.50000000 1.50000000
RHD 1.1124 0.10650000 0.10650000 0.21300000
THFTA 1.0009 0.00039003 ~0.00089042 0.00000075
FIRST NRDFR CNRRECTIONS
ALPHA 0.9546 -0.04642865 -0,04005801 -0.06193407
XT1d 1.0710 0.06856769 0.12646388 0.30333602
Y IJK 1.0043 0.00428596 0.01142752 0.03873087
Axtd 0. 9930 ~0.00702780 -0.01502021 -0.04561825
SECONDN ORDFR CNRREC TIONS
(Xi9)2 l.noq8 N.00975028 0.02659192 0.09221710
Xy 1.0027 0.00264834 0.00939342 0.04116510
AX2 0.9977 -0.00226218 -0.00755046 -0.03202735
H201{ G)
HZFRO = -=57103.500
T cp/sr (H-HQ) /RT S/R ~{ F-HO ) /RT
5000 7.3522221 6.1244898 38.0642924 31.9398026
HZERO = =-57103.500
T ce H=-HN S -(F-HO)
s000 14. 6107768 6£0854.7671 75.643645 317363.4570

H/RT
0.3775317

H
3751.2682

=F/RT
37.6867604

-F

374466.9531
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MG G)

EFTAPE

LSTSOS

LSTSQsS

NATE

METHOD

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

MGL(G)

FINISH
R

104

4.0
4.0

&
.

OV0O0O2002000

PHEPEPD PSS

T
ExXp

4/6

3

TEMPER

0

1000.

35051.360
41197.370
47851.140
47957. 047
51872.360
54676. 760
55891.830
56308.430
57853.500
58023.270
58962.490
59041. 090
59648.200
60103.500
60420.200
60649.200
60820.900

60952,

PREN. SUM(23+1)
36.0
64,0

100.0
144.0
196.0
256.0
324.0
400.0
484.0
576.0
676.0
784.0

DELT

EXP

FILL

ACT.

AH

35.5999999

5000.

21850.368
46403 ,140
43503.340
49346.710
57812.720

52556.370

56187.030
56968.310
58009.460
58442.620
59690.020
59317.400
60127.310
60435.150
606584370
60826.600
60955.800

61094 .600

SUM{2J+1) DIFF

42.0
64,0
64.0
61.0
61.0
51.0
51.0
51.0
51.0
51.0
30.0
25.0

-6.0
0.
36.0
83.0
135.0
205.0
273.0
349.0
433.0
525.0
646.0
759.0

KCAL

TCONST

Exe

MAX LEVEL
57873.8901
54676.7598
57204.2202
58575.5400
59400.7700
59935.3799
60301.2998
60562.6401
60755.7798
60902.5298
61016.4199
61106.9800

1000.

3.

21870.426
47957.035
47841.200
53134.700
57833.280

54252.600

57018.800
57204.220
58478.400
58575.540
59880.300
59400.770

60263.
60534,500

60734,
60884.800
61002.200

61106.980

2J+#1, MAX LEVEL
5.0
9.0
43.0
90.0
142.0
233.0
301.0
377.0
461.0
553.0
653.0
766.0

EXp

13.5

13.5
13.5
13.5

13.5

298.15000

21911.140
47957.018
47844.440
54192.430
57873.890
54699.400
54676.660
57020.100
57204.220

58575.540

59935.380

60301.300
60562.640
60755.780
60902.530
61016.420
61669.140

MG1 (G}

w oo n W e W

-

10
11
12
13

14



LFAST SQUARES

T CP/R INPUT CP/R CALC HH/RT INPUT
INPUT=CALC FRACTION INPUT-CALC
1000,00 ?.5000C00 2.4999999 2.5020000
0.0000001 0.0000000 0.00030)01
1100.00 2.500n0C00 2.5016205 2.5000000
-0,0116205 -0.0n06482 -0.0030796
1200.00 2.5000000 2.5025073 2.5000000
-0.0N25073 -0. 0010029 -0.0022497
1300.01 2.5000001 2.50277%6 2.5000000
-0.0027795% -0.0011118 —-0.0004374
1400.00 2.5000007 2.5025565 2.5000000
-0.0N25558 -0.0010223 -0.0005993
1500.00 2.5070030 2. 5019571 2.5000001
~0.0019542 -0. 0007817 -0.0007114
16n0,0n 2.5000098 2.5011006 2.5000005
~.0010%908 -0. 0004363 -0.0027632
1760.00 2.5000277 2.5001061 2.5000015
-0.,00N0784 -0.0000313 -0.0007531
1800.00 2, 5000693 2.4990927 2.5000039
0,0009766 0.0003906 -0.0006863
1900,00 2.5001563 2.498179¢6 2.500009%
0.0019766 0. 0007906 -0.0005720
2000.00 2.5003231 2.4974859 2.5000205
0.0n28372 0.0011347 -0.0004223
2100.00 2.5006204 2.4971308 2.5000414
C.0034897 0.001395% -0.00J)2506
22n0.00 2.5011179 2.4972333 2.5000781
0.0038846 0, 0015531 -0.0000706
?2300.00 2.5019061 2.64979127 2.5001392
0.0039934 0. 0015961 0.0001048
?2400,00 ?2.5030976 2.4992880 2.5002360
€.0038096 0.0015220 0.000264C
2500.00 ?2.5048260 2.501 4784 2.5003830
0.0033476 0.001336% 0.0003974
2600.00 2.5072446 2.5046031 2.5005979
0.0026415 0.001Nn53 6 0.0004981
2700.00 2.5105232 2.5087810 2.5009019
0.0017422 0. 0006940 0.0025613
2800.,00 2.5148447 2.5141315 2,5013193
a.00Nn7131 . 0N028B3 6 0.0015854
2900.00 2.5204001 2.5207737 2.5018776
-C.0003736 - 0. 0001482 0.0005711
3000.00 2.5273846 2.5288266 2.5026072
~0.0014420 ~0. 0005706 0.0005217
3100.00 2.5359925 2,5384095 2.5035427
-0.0024170 -0, 0009531 0.0004423
3700.00 2.5464129 2.549641 4 2.5047127
-0.0032285 -0.0012679 0.0003397
3300.00 ?2.5588248 2.5626415 2.5061591
-0.0038167 -0.0014916 0.0002220
*3400.00 2.5733955 2.5775290 2.5079169
-0.0041336 -0. 001 6063 0.0032978
3500.00 2.5902756 2.5944228 2.5100232
-0.0041473 -0.0016011 -0.0000240
3600.00 2.6095974 2.6134423 2.5125150
-0.0038449 -0.0014734 -0.0001351
3700.00 7.6314733 2.6347066 2.5154286
-n.nNn32332 ~-0.0012287 -0.0002277
3800.00 2.6559945 2.6583347 2.5187992
-0.,0023402 -0.0008811 -0.0002957
3900.00 2.6832312 2.6844458 2.5226603
-0,nC12146 -0. 0004527 —~0.2003341
4000.00 2.7132329 2,7131589 2.5270438
0.0000740 0. 0000273 -0.0003402
4100.00 2.7460277 2.7445937 2.5319792
0.0014340 0.0005222 ~0.0033136
4200.00 ?2.7816251 2.1788685 2.5374938
0.0027567 0.00n9910 -0.0002561
4300.00 2.8200166 2.8161030 2.5436123
0.0039136 0.0013878 -0.2001720
4400,00 2.8611778 2.8564162 2.5503%568
0.0047617 0.0016642 -0.0070688
4500.,00 2.9047892 2.8999273 2.557731%
0.0048620 0.0016738 0.0000286
4600.00 2.9512089 2.%467552 2.5657746
0.0044537 0. 001 5091 0.0001292
4700.00 3.0001490 2.9970195 2.5744878
0.0031295 0.0010431 0.0002051
480N, 00 3.0516366 3.0508386 7.5838878
0.0007980 0.0002615 0.00N2438
4900.00 3.1055783 3.1083326 2.5939796
-0.0028043 -0. 0009030 0.0002207
5000,00 3.1617320 3.1696197 2.6047688
-0.0078878 -0.0024948 0.0001120
MAX-RFL FRR CP/R = 0.002495 TEMP = 5000.
MAX RFL FRR HH/RT = 0.000305 TEMP = 1600.
MAX REL ERR S/R = 0.000044 TEMP = 1700.
MAX REL FRR FH/RT = 0.N00017 TEMP = 2200.
MAX FRR CP/R = 0.007888 TEMP.= 5000.
MAX FRR HH/RT = 0.000763 TEMP = 1600.
MAX ERR S/R = 0.000975 TEMP = 1700.
MAX FRR FH/RT = 0.000347 TEMP = 2200.
CP/R = ?.4172320E 00T** 0O, 1.6512134E-04T*% 1.0
{H-HOY/R CONSTANT = 0.29313141E 02 H/R(A6) CONSTANT

HH/RT CALC
FRACTION
2.4999999
0.0300020
2.5000796
-0.0300318
2.5002497
-0.0700999
2.5004374
-0.0001749
2.5005993
-0.0002397
2.5007115
-0.0002846
2.5007637
-0.0003053
2.5007546
-0.0093012
2.,5006903
~0.0002745
2.5005814
-0.0002288
2.50C4428
-C.02016R9
2,5302920
-0.0001032
2,5001487
-0.0300282
2.5000344
0.0000419
2.4999720
0.0001056
2.4999855
C.0321590
2.5200999
0.0001992
2.5003406
0.0002244
2.5007339
0.0002340
2.5013065
0.0002283
2.5020855
0.0002084
2.5030984
0.0021767
2.5043730
0.0001356
245059371
0.0000886
2,5078191
0.0000390
2.5100471
~-0.000009%
2.5126500
-0.0000538
2.5156563
-0.N000905
2.5190948
-0.0001174
2.5229944
-0.0001325
2.5273840
-0.0001346
2.5322928
-0.0001239
2.5377499
-0.0001009
2.5437844%
-0.0000676
2.5504256
-0.0000270
2.5577028
0.0000112
2.5656453
0.0000504
2.5742826
0.0000797
2.5836439
0.0000944
2.5937589
0.0000851
2.6046568
0.0000430
AVER RFL ERR
AVER REL ERR
AVER REL ERR
AVER REL ERR
AV ER ERR
AVER ERR
AVFR ERR
AVER ERR

-1.0220946&-

S/R INPUT
INPUT-CALC
20.8912263
0.0000602
21.1295018
-0.0000818
21.3470304
-0.0002656
21.5471370
-0.0004809
21.7324071
-0.0006812
21.9048891
-0.0008395
22.0662360
-0.,0009389
22.2177985
-0.G009751
22.3606968
-0.0009499
22.4958711
-0.0008698
22,6241159
-0.0007458
22.7461135
-0.0005906
22.8624530
-0.0004182
22.9736483
-0.0002415
23.0801520
-0.0000746
23.,1823664
0.0000722
23.2806518
0.00013903
23,3753347
0.0002739
23.4667113
0,0003190
23.,5550535
0.,0003252
23,6406124
0.0002940
23.7236207
0.0002308
23.8042943
0.0001407
23.,8828366
0.0000317
23.9594359
-0.0000877
24.0342700
~0.0002084
24.1075051
-0.0003219
24,1792979
-0.0004194
24 .,2497945
-0.0004945
24.3191314
-0.0005412
24J,3814369
-0.0005562
24.4548316
-0.0005374
24.5214257
-0.0004866
24.5873232
-0.0004077
24.6526198
-0.0003076
24.7173891
-0.0002112
24.7817349
-0.0001090
24.,8457201
-0.0000298
24.9094193
0.0000141
24.9728916
-0.0000043
25.0361936
~0.C001094
0.000998
0.000129
0.000016
0.000010
0.002660
0.000325
0.000363
0.000216

CP/R
HH/RT
S/R

FH/RT
CP/R
HH/ RY
S/R

FH/RT

LU T T T T T

S/R CALC

FRACTION
20.8912261
0.0000000
21.1295836
-0.0000039
21.3472960
-0.0000124
21.5476179
-0.0000223
21.7330883
~0.0000313
21.9057286
-0.0000383
22.0671749
- 0.6000425
22.2187736
-0.0000439
22.3616467
-0.0000425
22.4967408
-0.0000387
22.6248617
-0.0000330
22.7467041
-0.0000260
22.8628712
-0.0000183
22,9738898
-0.0000105
23.0802267
-0.0000032
23.1822941
0.0000031
23,2804615
0. 0000082
23,3750608
0.0000117
23.4663523
0.0000136
23.5547283
0.0000138
23.6403184
0.0000124
23.7233899
0.0000097
23.8041537
0.0000059
23.8828049
0.0000013
23.9595237
- 0.0000037
24.0344784
-0.0000087
24.1078269
-0.0000133
24,1797173
~0.0000173
24.2502890
-0.0000204
24.3196726
-0.0000222
24,3879931
-0.0000228
24.4553690
-0.0000220
24.5219123
-0.0000198
24.5877309
~0.0000166
24.6529274
-0.0000125
24.7176003
-0.0000085
24,7818439
-0.0000044
24.8457499
-0.0000012
24.9094052
0.0000006
24.9728959
-0.0000002
25.0363030
-0.0000044

REL LST

REL LST

REL LST

REL LST

LST

LST

LST

LST

—-FH/RT INPUT

SQ
sQ
50
SQ
sQ
5Q
SQ
sQ

07T #* 2.0 1.9856143E~11T¢* 3.0
= 0.17198050€ 05, S/R CONSTANT

= 0440729443 01

INPUT-CALC
18.3912263
0. 0000002
18.6295018
-0.0000021
18. 84703 04
~0.0000157
19.0471370
-0. 0000434
19.2324071
-0.0000818
19. 448891
-0.0001278
19. 5662355
-0.0001757
19. 7177970
~0.0002220
19. 8606930
-0.0002632
19.9958618
~0.0002975
20.1240954
~0.0003233
20.2460723
-0, 0003397
20.3623750
~0.0003474
20+ 4735093
-0.0003459
2045799162
~-0.00033 83
20.6819835
-0.0003250
20. 7800541
-0. 0003076
20.8744330
~-0.0002871
20. 9653921
~0. 0002661
21.0%531759
~0.0002458
21.1380053
~0.0002275
21.2200801
~0.0002112
21.2995818
-0.0001988
21.3766775
-0. 0001903
21. 4515193
-0, 0001 853
21.5242469
-0.0001 843
21.5949903
-0. 0001 B64
21.6638694
-0.0001915
21. 7309954
-0.0001 986
21.7964711
-0.0002069
21. 8603933
-0.0002158
21.9228525
-0.0002236
21.9839320
-0.0002303
22.0437109
~0.0002356
22.1022632
-0.0002384
22.1596577
~0.0002396
22.2159605
~0.0002379
22.2712324
-0.0002348
2243255317
-0.0002294
22.3789120
-0.0002248
22.4314249
-0.0002213
ERR CP/R
ERR HH/RT
ERR S/R
ERR FH/RT
ERR CP/R
ERR HH/RT
ERR S/R
ERR FH/RT

L T T T ]

—FH/RT CALC
FRACTION
18.3912261
0.0000000
18.6295040
-0.0000001
18.8470461
-0.000J008
19.0471804
-0.0000023
19.2324889
-0.0000042
19.4050169
-0.0000066
19.5664113
-0.,0000090
19.7180190
-0.0000113
19.8609562
-0.0000132
19.9961593
-0.0000149
2041244187
-0.0000161
20.2464120
-0.2000168
20.3627224
-0.0000171
20.4738553
-0.0000169
20.5802546
~0.0000164
20.6823084
-0.0000157
20.7803617
~0.0000148
20.8747201
~-0.0000137
20.9656582
~-0.0000127
21.0534217
~0.0000117
21.1382327
-0.0000108
21.2202914
-0.0000100
21.2997806
-0.0000093
21.3768678
~-0.0000089
21.4517045
-0.0300086
21.5244312
-0.0000086
21.5951767
-0.0000086
21.6640608
-0.0000088
2147311940
-0.0000091
21.7966781
-0.0000095
21.8606091
~0.0000099
21.9230762
-0.0000102
21.9841623
-0.0000105
22.0439465
-0.0000107
22.1025016
-~0.,0000108
22.1598973
-0.0000108
22.2161984
-0.0000107
22.2714672
-0.0000105
22.3257611
-0.0000103
22.3791368
~0.0000100
22.4316461
-0.0000099
0.001141
0. 000155
0.000020
0.000011
0.003091
0.000389
0. 000459
0.000233
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PUNCHFN RINARY CARONS-=~

MG1(G) 6166%,14C 0.10000000E 04 0«5000000GE 04 U.10000000E 04 C.53C00000E 04 0.24172320€ 01
0.16512134E-12  -0,10220946E-06 0.19856143€-10 Qe 0.17198050€ 05 C.40729443E Ot 0.
- Ga 0. C. 0. 0. 4/63
MG G) MGL (G}
H7 FRN = 34118.745
T CP/R (H-HO} /RT {H-H298)/RY S/R —{F-HO)/RT -~ (F-H298) /RT H/RT =F/RT

100 2.5000C00 2.5000000 -4.9537500 15.1347638 12.6347638 20.0885136 174.1873722 -159.0526066
200 2.5000000 7.5000000 ~1.2268750 16.8676317 14.3676318 18.0945067 88.3436861 -71.4760542
298.15 2.5000000 2. 5000010 0.0000009 17.8658302 15.3658303 17.8658302 60.0842266 ~42.2183962
300 ?2.5000000 2. 5000000 N.0154167 17.8812945 15.3812946 17.8658779 59, 7291241 -41.8478293
40N 2.5000C000 2. 5000000 0.6365625 18.6004996 16.1004996 17.9639370 45.4218431 -26.8213434
3500 7.5000000 2.5000000 1.0092563 19.1583586 16.6583586 18.1491084 36.8374743 -17.6791158
&6nc 2.5000000 ?2.5000000 1.2577083 19,.6141624 17.1141624 18.3564539 31.1145620 -11.500399%6
700 2.5000000 2.50000C0 1.4351786 19.9995341 17.4995391 1845643604 27. 0267675 ~T7.0272284
8c0o 2. 5000000 2.5000000 1.5682812 20.3333676 17.8333676 18 .7650862 23.9609215 ~3.6275539
ang 2.5000000 2.50n0000 1.6718056 20 .6278250 18.1273250 18.9560194 21.5763748 ~0.9485497
1000 7.5070000 2.5000009 1.7546250 20.,8912263 18.3912263 19.1366012 19.6687372 1.2224891
1100 2.5000000 2.50000C0 1.8223864 21.1295018 18.6295018 19.3671153 18.1079428 3.0215589
1200 2. 5000000 2.50000C0 1.8788542 21.3470304 18.8470304 19.4681761 16.8072810 445397494
1300 2.5500001 ?.500000C 1.9266 346 21.5471370 19.0471370 19.6205022 15, 7067209 5.8404161
1400 Z.5000007 7.5000000 1.9675893 21.7324071 19.2324071 19.7648177 14. 7633837 6.9690233
1500 2.5000030 2. 5000001 2.0030834 21.9048891 19.4048891 19.9018056 13. 9458250 7.9590642
1600 2.5700M93 2. 5000005 2.0341411 22.0662360 19.5662355 20.0320947 13.2304612 8.8357748
1700 2.500N02717 2.5000015 ?.0615456 22.2177985 19.7177970 20.1562529 12.5992587 9.6185398
18C0 2.5000693 2. 5000039 2.0859067 22.,3606968 19.8606930 20.2747900 12. 0381913 10.3225056
1900 ?2.5001563 7. 5000094 2.1077068 22.4958711 19.9958618 20.3881643 11.5361869 10.9596843
2000 7.5023231 2. 5000205 2.1273330 22.6241159 20.1240954 20.4967828 11.0843891 11.5397269
2100 2. 5006204 7. 5000414 2.1451309 22.7461135 2042460723 20.6010127 10. 6756305 12.0704832
2200 ?.5011179 2.5000781 2.1612712 22.8624530 20.3623750 20.7011817 10.3040495 12.5584035
230N 2.5719061 2.5001392 2.1760631 22.9736483 20.4735093 20.7975852 9. 9648075 13.0088409
2400 2.5030976 ?2.5002360 2.1896631 23.7801520 20,5799162 20.8904891 9. 6538764 13.4262757
2500 2.504826C 2. 5003830 2.2022330 23.1B23664 20.6819835 20,9€01333 9.3678778 13. 8144885
2600 ?.50T2446 2. 5005979 ?2.2139152 23.2806518 20,7800541 21.0667367 9.103958¢4 14.1766936
2700 ?2.5115232 2.5009019 2.2248371 23.3753347 20,8744330 21 .1504977 8. 8596934 14.5156415
2800 ?2.5148447 2.5M3193 2.2351139 23.4667113 20.9653921 21.2315974 8.6330111 14.8337002
2900 ?.5274001 2.5018774 2.2448518 23.5550535 21.0531759 21.3102016 8, 4221318 15.1329217
3000 2.5773846 2.5026072 2.2541488 23.6426124 21.1380053 21.3864634 842255195 15.4150928
3101 ?7.5359925% 2. 5035407 2+2630971 23.7236207 21.2200801 21.4605236 8. 0418429 15.6817778
3200 245464129 2.5047127 2.2717830 23,8042943 21.2995818 21.5325112 7. 8699430 15.9343513
3300 2.55882438 ?.5061591 2.2802879 23.,8828366 21.3766775 21 .6025486 7.7088068 16.1740298
3400 2.5733955 2.50791 69 2.2886890 23.,9594359 21.4515193 21.6707470 7. 5575455 16.4018905
3500 2.5902756 2.5100232 2.2970539 24.0342700 21.5242469 21.7372110 7.4153767 16.6188934
3600 2.6095974 2.5125150 2.3054664 24,1075051 21.5949903 21.8020387 7.2816086 16.8258965
3700 2.6314733 7.5154286 2.3139759 24.1792919 21.6638694 21.8653219 7.1556278 17.0236700
3800 2.6559945 ?2.51 87992 243226478 24.2497945 21.7309954 21.9271467 7.0368879 17.2129066
3900 7.6832312 2.5226603 2.3315385 24.3191314 21.,7364711 21 .6875927 6. 9249005 17.3942308
4000 2.7132329 ?.5270438 2.3407320 24,38T74369 21.8603933 22 .C46T7370 6. 8192281 ° 17.5682089
4100 2. 7460277 2.5319792 2.3521804 24.4548316 21.9228525 22.1046512 6.7194761 17.7353556
4200 2.7816251 2.5374938 2.3600236 24,5214257 21.9839320 22.1614022 6.62 52884 17.8961375
4300 2.87200166 2. 5436123 2.3702693 24.5873232 22.0437109 22.2170539 6.5363419 18.0509813
4400 2.8611778 2.5503568 2.3829533 264 ,6526198 22.1022632 22.2716665 6. 4523425 18.2002773
4500 2.9047892 2. 5577315 2+3920926 24.7173891 22.1596577 22.3252964 643730064 18.3443828
4600 2.9512089 2.5657746 2.4037365 24.7817349 22.2159605 22.3779984 6.2981 088 18.4836261
4700 3.0001490 2. 5744878 2.4158973 24.8457201 22.2712324 22 .4298227 602274106 18.6183095
4800 3.0516366 2.5838878 2.4286013 24,9094193 22,3255317 22 .4808180 6.1607080 18.7487113
4900 3.1055283 ?.5939796 2.4418622 24.9728916 22.3789120 22.5310292 6. 0978035 18.8750880
5000 3.1617320 2.6047688 2.4556938 25.0361936 22.4314249 22.5804996 6.0385163 18.9976773
5100 2.7201526 2.6162589 2.4701069 25.0993772 22.4831183 22.6292701 5. 9826779 19.1166992
5200 3.2806936 2.6284510 2.4851097 25.1624889 22.5340381 22.6773794 5.9301313 19.2323577
5300 3.3431221 2.6413358 2.5006990 25.2255619 22.5842261 22.7248628 5.8807202 19.3448417
5400 3.4075789 2. 6549258 2.5168934 25,2886493 22.,6337237 22.7717559 5.8343216 19.4543278
5500 3.4734036 2.6661793 2.5336566 2543517461 22.6825669 22.8180895 5.79C7679 19.5609782
56CC 3.5410205 2.6841243 2.5513216 25.4149179 22.7307937 22.8638964 5. 7499702 19.6649477
5700 3.6104914 2.6997646 2.5683971 25.4782031 22.7784386 22.9092059 5.7118238 19. 7663794
5800 3.6814993 2.7160768 2.5875638 25.5416093 22.8255327 22.9540455 5.6762039 19.8654056
5900 3.7539653 2. 7330520 2.6067172 25.6051579 22.8721061 22 .9984407 Se 6430075 19.9621506
&00C 3.8278156 2. 7506808 2.6264516 25.6688683 22.9181876 23.0424166 5.6121370 20.0567312
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HIFRO = 34118,745
T ne
100 4.9681500
200 4.96A1500
298.15 4,%681500
300 4.9681500
400 4.9681500
s00 4.9681500
600 4.9681500
700 4.9681500
800 4.9681500
900 449681500
1000 4.968150C0
1100 4.96R1500
1200 4.9681500
1300 4.9681503
1400 4.96R151 4
1500 4.96R1559
1600 4. 9681695
1700 4.9682050
1800 4.9082876
1900 4.9684605
2000 4.9687921
2100 4.9693829
2200 4.9703715
2300 449719379
2400 4.9743056
2500 4.9777405%
2600 4.982544%9
2700 4.9890624
2800 4.997650]
2900 5.0086902
3000 5.0225703
31nn 5.0396764%
32ce 5.0603B44
3300 5.0850501
3400 5.1140058
350N 5.1475509
3600 5. 1859485
3700 $.2294217
3800 5.2781516
3900 53322781
4000 5.3918991
4100 5.4570711
4200 5.5278123
4300 S.6041061
4400 5.6859042
4500 5.772571 4
4600 5.8648193
4700 5.9620759
4800 6.0643953
4900 6.1714921
5000 6.2831R35
5100 6.39928n3
5200 6.5195912
5300 6.6436529
5400 647717451
5500 6.9025561
5600 7.0369283
5700 7.1749851
5800 7.3160963
5900 7.4601051
6000 T.6N686418
FFDATA MG1(6G 1}
T
100.000
298.150
400.000
600.000
800.000
1000.000
1200.000
1400.000
1600.000
1800,000
2000,000
2200.000
2400.000
2600.000
2800.000
3000.00N0
3200.000
3400.000
3600.000
3800.000
4000.000
4200.000
4400,000
4600.000
4800.000
5000.000
5200.000
540C.000
5600.000
5800.000
6€000.000

H=HD

496.8150

993. 6300
1481.2539
1490.4450
1987.2600
2484.0750
2980.8900
3477.7050
3974.52 00
4471.3350
4968.1500
546449650
5961.7799
6458.5950
6955.41 CO
7452.2253
7949.0415
8445, 8599
8942. 6840
9439.5204
9936.3813
10433.2875
10930.2711
11427.3809
11924. 6854
12422.2776
12920.2793
13418. 8440
13918.1608
14418.4557
14919.9934
15423.0774
1592 8. 0490
16435.2861
16945.2017
17458.2402
17974. 8738
18495.5991
19020.9333
19561.4092
20087.5720
20629. 9741
21179.1716
21135.7214
22300.1765
22872. 9482
23454.76 CT
24046. 0295
24647.3125
25259, 0681
25881, 7644
26515, 8513
27161.7610
27819.8110
28490, 5500
29173.9429
29870. 6951
3IN581,2649
31305.7939
32044.5806
32797.9067

H-HO/RT
2.50000000
2. 50000000
2.50000000
2.50000000
2.50000000
?.50000000
2.50000000
2.500000073
2.50000048
2.50000393
2.50002050
2.50007805
2.50023600
2.50059792
?.50131929
2.50260720
2.5047T1267
2.50791690
2.51251494
?.51879916
2,52704379
2.53749382
2.55035678
2.56577456
2.58388779
2. 60476884
?7.62845105
2.65492579
2.68412426
2.71607679
?2.75068077

H-H298 S
-984.4389 30.076711
-487.6239 33.520370

0.0000 35.504049
9.1911 35.534781
506.0061 36.964029
1002.8211 38.072639
1499.6361 38.978440
199644511 39.744284
2493,2661 40.407688
2990,3811 40.992851
3486.8960 41.516298
3983.7111 41.989813
4480.5260 42.422100
4977.3410 42.819763
56474.1561 434187943
5970.9713 43.530710
6467.7875 43.851348
6964.6061 444152542
7461.4301 44.436518
7958.2665 44.705144
8455.1274 44.,960001
8952.0336 45.202441
9449.0171 45,433638
994641271 45.654612
10443.4315 45.866262
10941.0237 46.069389
11439.0254 464264708
11937.5901 46.452868
12436.9067 46.634457
12937.2018 46.,810015
13438.7394 46.,980043
13941.8234 47.145202
14446.794E 47.305322
14954.0320 47.461406
15463.9479 47.613628
15976.9862 47.762343
16493.6196 47.907880
17014.3452 48.050551
17539.6792 48.190646
18070.1559 484328437
18606.3181 48.464178
19148,7202 48.598108
19697.9177 48.730448
20254.4675 48.861403
20818.9276 48.991165
21391.6943 49.119878
21973.5068 49.247750
272564.7756 49.374906
23166.0586 49.501493
23777.8140 49.627628
24400.5105 49.753426
25034.5974 49.878988
25680.5071 50.004407
26338.5569 50.129750
27009.2961 50.255121
27692.6887 50.380511
28389.4412 50.506050
29100.0107 50.631814
29824.5400 50.757818
30563.3267 5N.884106
31316.6528 51.01071%
HZERQ 3411847451
—(F-HO}/RT
12.63476384

15.36583030
16.10049963
17.11416745
17.83336759
18.3912262%
18.84703040
19.23240709
19,56623554
19.86069298
20.12409544
20.36237502
20.57991624
20.78005409
20.96539211
21.13800526
21.29958177
21.45151925
21.59499025
21.73099542
21.86039329
21.98393202
22.10226321
22.21596050
22.32553172
22.43142486
22.53403807
22.63372374
22.73079371
22.82553267
22.91818762

—-{F-H0)}

2510.8560
5710.4440
9104.2786
9169.9893
12798.3514
1655242446
20406.1738
2434342935
28351.6304
32422.2312
3654841479
40723.8296
44944.7388
49207.0972
53507.7100
57843.8394
62213.1152
66613.4609
71043.0488
75500.2539
79983.6191
84491.8389
89023.7324
93578.2266
98154,3447
102751.1953
107367.9619
112003,8994
116658.3164
121330.5879
126020.1357
130726.4297
135448.9805
140187.3516
14434]1.1348
149709.9609
154493.4961
159291.4395
164103.5215
168929.4941
173769.1387
178622.2715
183488.7109
188368.3125
193260.9492
198166.5039
203084.8887
208016.0254
212959.8496
217916.3105
222885.3633
227866.9844
232861.1582
237867.8613
242887.1055
247918 .8652
252963.1797
258020.0723
263089.5508
268171,6445
273266.3828

MELTPT

T
200.000
300.000
500.000
700.000
900.000

110n.000
1300.000
1500.000
1700.000
1900.000
2100.000
2300.000
2500.000
2700.000
2900.000
3100.000
3300.000
3500.000
3700.000
3900.000
4100.000
4300.000
4500.000
4700.000
4900.000
5100.000
$300.000
5500.000
5700.000
5900.000

~{F~-H298)

3992.1099

7191.6979
10585.5323
10651.2432
14279.6053
18033.4985
21887.427%5
25824.5471
29832.8840
33903.4849
38029.4019
42205.0835
46425.9927
50688.3506
54988.9634
59325.0928
63694.3687
68094.7148
72524.3018
76981.5078
81464.8721
85973.0928
90504.9854
95059.4795
99635.5986
104232.4482
108849.2148
113485.1523
11813%.5703
122 811.8418
127501.3887
132207.6836
136930.2324
14166846035
146422.3887
151191.2129
155974, 7480
160772.6914
165584. 7754
170410. 7461
175250.3926
180103.5254
184969.9648
189849.5664
194742.2031
199647.7559
204566.1406
209497.2773
21444141035
219397.5625
224366.6152
22934B.2363
234342.4121
239349.1152
244368.3574
249400.1191
254444.4336
259501.3242
264570.8047
269652.8984
274747.6328

T NO.
H-HO/RT
2.50000000
2.50000000
2,50000000
2.50000000
2.50000000
2.50000000
2.50000000
2.50000012
2450000149
2.50000942
2.50004137
2.50013918
2.50038299
2.50090188
2.50187764
2.50354069
2.50615913
2.51002318
2.51542860
2.52266029
2.53197923
2.54361233
2.55773148
2.57448778
2.59397960
2.61625889
2.64133582
2.66917932
2.69976461
2.73305199

H -F
34615.5596 -31607.8882
35112.3745 -28408.3005
3559%.9985 =25014.4661
35609.1890 -26948.7549
36106.0044 -21320.3931
36602.8193 -17566.4998
37099.6343 -13712.5702
37596.4492 -9775.4507
38093.2646 -5767.1143
3859C. 0796 -1696.5135
39086.8940 2429.4037
39583. 7090 6605.0854
40080.5239 10825.9946
40577.3394 15088.3527
4107441543 19388.9656
41570,9697 23725.0947
42067.7861 28094.3706
42564.6040 32494.7168
43061,.,4287 3692 4.3042
43558.2646 41381.5098
44055.1260 45864.8750
44552,0317 50373.0952
45049. 0156 54904.9878
45546,1250 59459.4819
46043,4292 64035,6006
46541,.0215 68632.4502
47039.0234 73249.2168
41537.5884 77885.1543
48036.9048 82539.5723
48537.1997 87211.8438
49038.7373 91901.3916
49541,8213 96607.6855
50046.7935 101330.2363
50554.0303 106068.6074
51063.9463 110822.3896
5157649844 115591.2158
52093.6182 120374.7510
52614.3433 125172.6943
53139.6777 129984.7773
53670.1528 134810.7500
5420643164 139650.3945
5474847188 144503.5254
§5297.9155 149369.9668
55854.4658 154249.5664
56418. 9209 159142.2051
56991.6924 164047.7598
57573.5054 168966.1426
58164.7739 173897.2793
5876640566 178841.1055
59377.8125 183797.5645
60000.5088 188766.6191
60634.5957 193748.2402
61280.5054 198742.4141
61938.5552 203749.1172
62609.29%4 4 208768.3594
63292.6870 213800.1191
63989.4395 21884444355
64700, 0093 223901.3281
65424.5386 228970.8066
66163.3252 234052.9004%4
66916.6514 239147.6367

61
—=(F-HO)/RY

14.36763179
15.38129461
16.65835857
17.49953914
18.12782502
18.62950182
19.04713702
19.40488911
19.71779704
19.99586177
20.24607229
20447350931
20.68198347
20.87443304
21.05317593
21.22008014
21.376671751
21.52424693
21.66386938
21.79647112
21.92285252
22.04371095
22.15965772
22.27123237
22.37891197
22.48311830
22.58422613
22.68256688
22.77843857
22.87210608
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MGL(S)

LOGK

METHOD

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
TEMP
M ET HO
DATA
FINTS
MGLS

H7 ERQ

H7 FRO

108

n

H

]

100
200

?298.

300
400
500
600
700
R00
[00
923
923
1000
llo0
1200
1300
1400
1500
1600
1700
180¢
1900
2000
2100
2200
2300
2400
2500

100
200

»08,

300
400
500
600
700
800
900
923
923
1000
1100
1200
1300
1400
1500
1600
1700
1a0n
1900
2n0n
2100
2200
2300
2400
2500

READIN
T 1nn.
T 200.
T 298.15000
T 300.
T 400,
T 500.
T £00,
T 700.
T ann.
T S00.
T 9213.
T 923.
COFF
T 923.
-119n.300
CP/R {H-HO} /RT
1.8885299 0. 7694011
2.7263669 1.5873615
15 ?.5835049 2,0089398
2.9875306 2.0150023
3.1405050 2,2786399
3.2673128 2.46330918
3.4047000 2. 6080000
3.5647072 2.7331243
3.7368034 2.847702%
3.9209766 2.9566114
3.9652587 2.9811786
4.0256433 4.1478737
4.0256433 4.1384620
4.0256433 4,1282057
4.0256433 4.1196589
4.0256433 4.11242 69
4.0256433 4.1062281
4.0256433 4.1008558
4.0256433 4, 0961550
4.0756433 4, 0920072
4.0256433 4, 0883204
4.0256433 4, 0850216
4.N256433 4.0820526
4.0256433 4. 0793665
4.N256433 440769245
4.0256433 4y 0746949
4,02564373 4. 0726511
4402564633 4.0707708
-1190.3n0
P H-HO
3.7530000 152.9000
5.4179999 630.9000
15 5.9290000 1190.3000
5.93169999 1201.3000
642409999 1811.3000
644929999 2447,7000
6.T7660241 3109. 6644
7.0839999 3802, 0000
7.4259%99 4527.2999
7.7919999 5287,9999
7.8799999 5468,2000
79999999 7608.1998
7.9999999 8224.2000
7.9999999 9024.1998
7.9999999 9824.1998
7.9999999 10624.,2000
7.9999999 11424.1997
7.9993999 12224.1998
7.9999999 13024.1958
7.9999999 13874.1997
7.9999999 14624,2000
7.9999999 15424,1967
7.9999999 16224.1998
7.9999999 17024.1997
7.9999999 17824.1997
7.9999999 18624.1997
7.9999999 19424.1995
7.9999999 20722441997

ASTNDH T 298.15000

MELTPT 923.

ce 3.7530000 H-HO/T 1.5290000 S

cP 5.4180000 H-HO 630.90000 S

cp 5.9290000 H-HO 1190.30000 S

cpP 5.9370000 H-HO 1201.30000 s

ce 6.2410000 H-HD 1811.30000 S

P 6.4930000 H-HO 2447.70001 S

CP/R 3.4047000 H-HORT 2.6080000 =FHORT

ce 7.0840000 H-HO 3802, S/R

ce 7.4260000 H-HO 4527.29999 =FHO/T

ce 7.7920700 H=HO 5288. S

e 7.889G00% H=HO 5468,20001 S

T 1000. i 100. T

DELTAH 2140.

T 60004 Cct 8. El
(H-HZ2981/RT S/R =l F-HO )/RT —{F-H298)/RT
~5.2202529 1.1387539 0.3693528 6.3590068
~1.4074655 2.7731650 1.1858036 4.18063C6

0.0000000 3.9149381 1.9059983 3.9149381
0.0184509 3.9335567 1.9185545 3.9151058
N.7812264 4.8151726 2.5365327 4.0339462
1.2654610 5.5297243 3.0663325 4.2642633
1.6097243 6.1366000 3.5286000 4.5268757
1.8774595 6.6730C00 3.9398757 4.7955405
2.0989956 7.1601098 4.3124075 5.0611142
2.2910943 7.6109819 4.6543705 5.319887¢6
2.3322454 7.7101134 447289348 5.3778680
3.4989404 8.8768086 4.7289349 5.3778682
3.5394966 9.1993675 5.0609055 5.6598709
3.5836917 9.5830524 5.4548467 5.9993607
3.6205210 9.9333293 5.8136705 6.3128083
3.6516843 10.2555525 6.1431256 6.6038682
3.6783956 10.5538850 6.4476569 6.8754894
3.7015455 10.8316255 6.7307697 7.1300799
3.7218016 11.0914347 6.9952797 7.3696331
3.7396746 11.3354876 7.2434804 7.5958129
3.7555618 11.5655870 7.4772667 7.8100252
3.7697766 11.7832425 7.6982209 8.0134658
3.7825699 11.9897308 7.9076782 8.2071608
3.7941449 12.1861426 8.1067761 843919977
3.8046675 12.3734156 B.2964911 8.5687481
3.8142752 12.5523626 B.4776677 8.7380874
3.8230821 12.7236925 8.6510415 8.9006103
3.8311846 12.8880273 8.8172566 9.0568427
H-H298 S ~(F=-H0} -{F-H298)
-1037.4000 2.263000 73.4000 1263.7000
-559.4U00 5.511000 471.30200 1661.6000
0.3009 7.780000 1129.3070 2319.6070
11,3020 7.817000 1143.8000 2334.0999
621,223 9.569000 2016.3000 3206.5999
1257.4000 10.989000 3N46.7999 4237.0999
1919.3645 12.19502¢0 4207.3473 5397.6473
2611.7000 13.260986 5480.6900 6670.9900
3337.00170 14.229000 6855.8999 8046.1998
4097.7000 15.125000 8324.4999 9514.7998
4277.90290 15.322000 8674.0059 9864.3058
§417.8998 17.640527 8674,0061 9864.3060
7033,9000 18.281535 10057.3350 11247.6349
7833,8998 19.044017 11924.2184 13114.5183
8633.8998 19.740108 13863.9294 15054.2294
9433,.8999 20,380449 15870.3839 17060,6838
11233.8997 20.973313 17938.4387 19128.7385
11033.8998 21.525256 20063.6838 21253,9836
11833.8999 22.041564 22242.3032 23432.6030
17633,8998 22.526561 24470.9539 25661.2534
13433.8999 22.983828 26746 .6912 27936.9912
14233.8997 23.416366 29066.8960 30257.195%6
15033.8998 23.R26712 31429.2249 32619.5247
15833,8998 24.217034 33831.5703 35021.8701
16633,8997 24.589194 36272.0269 3746243267
17433,8997 24.944808 38748.8579 39939.1577
18233.8994 25.285285 41260.4844 42450.7837
19033.8997 25.611861 43805.4526 44995.7524

2.2630000
5.5110000
7. 7800000
7. 8170000
9.5690000
10.9890000
3.5286000
6.6730000
8.5698750
15.1250000
15.3220000

2500,

H/RT

-5.2202529
~1.4074655
0. 0000000
0.0184509
0.7812264
1.2654610
1.6097243
1.8774595
2.0989956
202910943
2.3322454
3.4989404
3. 5394966
3.5836917
3. 6205210
3.6516843
3.6783956
3. 7015455
3.7218016
3.7356746
3.7555618
3. 7697766
3. 7825699
3. 7941449
3. 8046675
3.8142752
3.8230821
3.8311846

H

-1037.4000
=559.4000
. 0000
11.0000
621.0000
1257.4000
1919.3645
2611.7000
3337.0000
4097.7000
4277.9000
6417.8998
7033.9000
7833.8998
8633.8998
9433.8999
10233,8997
11033,8998
11833.8999
12633.8998
13433.8999
14233,8997
15033.8998
15833.8998
16633.8997
17433.8997
18233.8994
19033.8997

-F/RT

643590068
4.1806306
3.9149381
3.9151058
400339462
442642633
4.5268757
447955405
5.0611142
5.3198876
5.3778680
5.3778682
5.6598709
5.9993607
6.3128083
6.6038682
6.8754894
7.1300799
7.3696331
7.5958129
7.8100252
8.0134658
8.2071608
8.3919977
845687481
8.7380874
8.9006103
9.0568427

~F

1263.7000
1661.6000
2319.6070
2334,0999
3206.5999
4237,0999
5397.6473
6670.9900
8046,1998
9514.7998
9864,3058
9864 .3060
11247.6349
13114.5183
15054.2294
17060.6838
19128.7385
21253,.9836
23432.6030
25661.2534
27936.9912
30257.1956
32619.5247
35021.8701
37462.3267
39939.1577
42450,7837
44995.7524



MGL(S)
HI FRO =

T
100
200
298.15
00
400
500

600
700
800
90N
923
923
1000

1100
1200
1300
1400
1500

1600
1700
1800
13900
2000

2100
2200
2300
2400
2500

MGLIES)Y

600
700
a0
ann
923
973
1000

1100
1200
1300
1400
1500

1600
1700
14800
1900
21000

2100
2200
2300
2400
2500

-1190.300

CP/R
1.3885
2.7264
2.9835
2.98175
3.140%
3.2673

3.4047
3.5647
3.7368
3.9210
3.9653
4.0256
4,0286

4.0256
4.0256
4.0256
440256
4.0256

4,N256
4.0256
4,N256
4.,0756
4.N256

4.0256
4.N256
4.0256
4.0256
4.075¢€

3.7530
5.4180
5.9290
5.3370
6.2410
64,4930

6.7660
7.0840
T7.4260
7.7920
7.8800
8.70N0C
R, NOGN

8.00N0
8.0NN0O
8,N0N0
g.0000
3.100N0

g8.nenn
8.,0900
8.N000
R.NCON
A.NNNO

g.0n0N
8.,.0000
8.,0700
88,0000
8.0C00

(H-HN} /RT
N. 7694
1.5874
2.0089
2.0150
2,2786
2. 4634

2.6080
2.7331
24 B477
2. 9566
2.9812
4.1479
4.1385

4.1282
4.1197
4.1124
4.1062
4.1009

4.0962
4.0920
4.0883
4. 0850
4.0821

4.0794
4.0769
4.0747
4.0727
4.0708

H-HN
0
152.9
63C. 9
1190.3
1201.3
1811.3
2447.7

3109.7
3802.0
4527.3
5288.0
546842
7608.2
8224.2

9N24.2
9824.7
10624.2
11424.2
12224, 2

13024.2
13824,2
14624.2
1542442
16224.2

17024,2
17824, 2
18624.,2
19424,2
20224,2

S/R
1.1388
2.7732
3.9149
3.93136
4.8152
5.5297

6.1366
6.6730
7.1601
7.6110
7.7101
8. 8768
9.1994

9.5831
9. 9333
10.2556
10.5539
10.8316

11.0914
11.3355
11.5656
11,7832
11.9897

12.1861
12.3734
12,5524
12.7237
12.8880

—~(F-HO)/RT
0.3694 -
1.1858 -
1.9060
l.9186
2.5365
3.0663

3.5286
3.9399
4.3124
4.6544
4.7289
4.7289
5.0609

5.4548
5.8137
6.1431
6.4477
6.7308

6.9953
T.2435
T.4773
7.6982
7.9077

8.1068
8.2965
8.4777
8.6510
8.8173

- (F=~HO)
a9

2.2630 73.4
5.5110 471.3
7.7800 1129.3
7.8170 1143.8
9.5690 2016.3
10.9890 3046.8

12.1950 4207 .3
13.2610 548047
14.2290 6855,.9
15.1250 8324.5
15.3220 8674.0
17.6405 8674.0
18.2815 10057.3

19.0440 11924.2
19.7401 13863.9
20.3 804 15870.4
20.9733 17938.4
21.5253 20063.7

22.0416 2224243
?22.5256 24471.0
22.9838 26746 .7
23.4164 29066.9
23,8267 31429.2

24.2170 33931.6
24,5892 36272.0
24.9448 38748.9
25.2853 41250.5
25,6119 43805.5

H/RT

5.2203
1.4275
0.0000
0.0185
0.7812
1.2655

1.6097
1.8775
2.0990
2.2911
2.3322
3.4989
3.5395

3.5837
3.6205
3.6517
3.6784
3.7015

3.7218
3.7397
3.755%6
3.7698
3.7826

3.7941
3.8247
3.8163
3.8231
3.8312

-F/RT
6.3590
4.1806
3.9149
3.9151
4.0339
4.2643

4.5269
4.7955
5.0611
5.3199
5.3779
5.3779
5.6599

5.9994
6.3128
6.6039
6.8755
7.1301

T.3696
7.5958
7.8100
8.0135
8.2072

8.3920
8.5687
8.7381
8.3006
9.0568

H
-1190.3
-1037.4

-559.4
a.0
11.0
621.0
1257 .4

1919.4
2611.7
3337.0
4097.7
4277.9
6417.9
7033.9

7833.9
8633.9
9433.9
10233.9
11033,9

11833.9
12633.9
13433.9
14233.9
15033.9

15833.9
16633.9
17433.9
18233.9
19033.9

REFERENCE ELEMENTS

DELTA H/RT

[eN=Ne NN Nala) [=NaReR-Nole]

[=NeN=NoNa] [~X=N-NoNe]

(=R =N=N=j=)

REFERENCE ELEMENTS
DELTA H

o000 O0OO0

Qo0Qoo000

OQOO0Q ©oooQO [~ R=NoRoNal

oooono [=J=N=Naya) 000 OCODOQ oooooo

[~ReNoNoNeo]

LOG K

[~¥~R=NoNeNo¥o]

OCOO0O0 COOO0Q oo0oooo

GASEQUS ATOMS
~DELTA F/RT DELTA H/RT —DELTA F/RT

-179. 4076
~89.7512
-60.0842
-59.7107
-44.6406
-35.5720

-29.5048
-25.1493
-21.8619
-19.2853
-18.7688
-17.6021
-16.1292

-14.5243
-13.1868
~-12. 0550
-11.0850
-10.2443

-9.5087
-8, 8596
-8.2826
~T.7664
~-7.3018

-6.8815
-6. 4994
-6.1505
-5.8308
-5.5367

165.4116
15.6567
46.1333
45,7629
30.8553
21.9434

16.0273
11.8228
8.6887
6.2684
5.7879
5.7879
4. 4374

2.9778
1.7731
0.7635
—04 0935
-0.8290

~l. 4661
-2.0227
-2.5125
=2.9462
-3.3326

-3.6785
-3.9897
—4.2708
~4.5257
~4.757%

GASEDUS ATOMS

DELTA H
-35309.0
-35653.0
-35671.8
-35600.0
-35598,2
~35485.C
-35345.4

—-35180.3
-34984.7
=34756.3
-34492.4
=34426.4
—-32286.4
-32053.0

~31749.8
-31446.6
-31143.4
~30840.3
-30537.1

-30233.9
-29930.7
-29627.5
-29324.4
-29021.2

-28718.1
-28415.1
-28112.2
-27809.5
-27507.1

K
71.8374
32.8573
20.0355
19.8746
13.4003

9.5299

6.9606
5.1346
3.7734
2,7223
2.5137
2.5137
1.9271

1.2932
0.7700
Q.3316
—0.0406
~0.3600

~0.6367
-0.8785
-1.0912
-1.2795
—=1.4473

—1.5975
-1.7327
—1.8548
=1.9655
-2.0662
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90, KCAL
160C. 1 1000 . T
319,
507300 BE 0.57130000 ALPHA
0JE~OT
+28000 WE 662.69000 WE XE
460000 0E 0.11720000E-05 BETAL
03.570 WE 821.91000 WE XE
449999 DE 0.11300000E-05 BETAL
S/R —{ F~HO}/RT ~{F-H298} /RT
25,6426661 22.0492074 25.6426661
30.8331439 26 .6862047 27.7575943
34.,5002456 29.7618637 30.2975585
36.,7016397 31.7355065 32.0926361
38.2012162 33.1744628 33.4423099
39.33951856 34.2980914 34,.5123692
40.,2646432 35.2177639 35.3963284
S ~(F~-HO) - (F-H298)
50.958644 13064.1901 15193,3199
61.273473 53032.4268 55161.5566
68,560958 118289.1221 120418,.,2520
72.935699 189200.1055 191329,2344
75.915749 263705,1289 265834,2578
78.177851 340796.1211 342925.2500
80.016315 419921 .1172 422050.2422
REFERENCE ELEMENTS
H/RT ~F/RT DELTA H/RT -DELTA F/RT
7.0836 18.5591 7.0836 2.3139
5.1875 2546456 0.2826 6, 7096
5.2587 29.2416 -0.3038 6.6584
5.3130 31.3886
5.2869 32.9143
52495 34.0900
5.2203 35.0443

7F AN ASSIGNFD REFERENCE ELEMENT HAS OCCURRED BETWEEN THIS TEMPERATURE AND THE

MGIN T 6) DISSOC
TFMP T 298.15000 T
REFNCF SPRCTR 23. DI$SOC
LORK
METHAN PANDK
MOLFCULAR WT.= 40,.372000
NATA WF 782.99000 WF XE 5.1
NATA ne 0.12100000F-05 BETAL 0.200000
DATA STATWT 2. ™ 3503
DATA RE n. 50290000 ALPHAL 2.00
NATA STATWT 1. To 202
DATA RE 0.579100600 ALPHAL 0.02
EINISH
H7ERN = 2067.8%6
T cP/R {H=HO)} /RT (H=H298) /RT
298,15  3.8583739 3.5934587 0.0000700
1000 4,8608449 4.1469393 3.0755496
2000 5.5183770 4, 7383821 4,2026872
3000 5.3024821 49661335 4.6090036
4non 8.1362751 5.0267534 4.7589059
5000 5.0775057 5.0414273 4.8271493
6000 5.0772868 5. 0468796 5.8683147
W7 FRO = 2067.896
T ne H-HO H-H298
208,15  1.6675920 2129.1299 0.0000
1000 9, 6597626 R241. 0466 5111.9167
2000 10,9664499 18832.7942 16703.6641
3000 10,5374106 29606, 9954 27477.8652
40np IR, 2071140 29957, 8634 37828.7334
5000 11,0903239 50093.1328 47964.0029
60,0 10.nB98889 60176.7720 58047.6416
MGIN1(G)
W7 ERO = 2067.896
T CO/R (H=HPY/RT S/R = {F-HO)/RT
79R8.15 3.8584 3.5935 25,6427 22,0492
x 1000 4.36N8 4.1469 30,8331 26,6862
2000 5.5184 4.7384  34.5002  29.7619
3000 5.3025 4.9661  36.7016 31,7355
4000 5.1263 5.C268 38,2012 33,1745
5000 5.0775 5.0414 39,3395 34,2981
&00n 5.1773 5.0469 40,2646 35,2178
*A CHANGE IN PHASF
MGLES I~ 9723.0nA
MG1 T GY
T cp H-HO S - {F~HO)
N e I ——————— o
298,15  T.66T¢ 2129.1 50.9586 13064.2
* 1000 9.6598 8241.0 61.2735 53037 .4
2000 10,9664 19837.8 68.5610 116289.1
3000 10.5374 29607.0 72.9357 189200.1
4n0a 10.7071 39657, 9 75.9157 263705.1
500N 10,0903 50093.1 78,1779 340796.1
6000 10.7899 601768 80.0163 419921.1

H
2067.9
4197.0

10308.9
20900.7
31674.9
42025.8
52161.0

62244 .7

RERERENCE ELEMENTS

DELTA H LBG K
4295.6 ——————
4197.0 1.0049

56146 2.9139

-1207.5 2.8917

%A CHANGFE IN PHASFE JF AN ASSIGNEN REFERFNCE ELEMENT HAS OCCJRRED BETWEEN THIS TEMPERATURE AND THE

MGL(S)-~

110

Q23,000

6000,

L §.00500000 1

1

3.8900000 2

-0.500000006-07 2

4,7400000 3

0.250000006-07 3

H/RT —-F/RT
7. 0835684 18.5590975
5.1875155 25,6456285
5.2586702 29.2415755
5,3129922 31.3886478
5.2868974 32.9143186
5.2495425 34,0899758
5,2203090 35.0443344
H -F

4197.0254 10996.2944
10308. 9420 50964.5313
20900. 6895 116221.2256
31674.8904 187132.2109
42025.7588 261637.2324
52161.0283 338728.2227
62244.6665 417853,2188

GASEOQUS ATOMS
DELTA H/RT -DELTA F/RT

-153.5179 141.9372
—46,2377 33.7272
-22.9580 10.6428
-15.,1704 3.0230
-11.3602 -0.7643

~9.,16956 =3.0434
-7.8175 —4.5862

PRECEDING ONE,

GASEOQUS ATOMS
L

DELTA H 06 K
-90000.0 ——————
-9095%. 6 61.6425
-91886.4 14.6475
-91247.0 4,6221
-90442.5 1.3129
-90302.7 -0.3319
-91111. 6 -1.3217
-93212.5 -1.9918

PRECEDING ONE,
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TABLE I. - SOME TERMS IN

For- Method {Sub— Q™ terms d(ln Q™)
mu- script T 22> Jterms
a b d e dT
la |RRHO™| PANDK" INRRAO1“|NRRAOZ2 in
num- and c equa-~
ber JANAF tion
— (9) —_— - - ——
cyT c,T
1 Yes Yes Yes Yes e In Em - 270 270
T T
n n
2 Yes Yes Yes Yes vV |z d;In (Si) p diuirisi
i=1 i=1
3 Yes Yes Yes Yes R {For diatomic and linear molecules, 1
CoBno
20
T
4 Yes Yes Yes Yes R |For nonlinear molecules, 3
3 2
bl @)
2 2 2
o’ AOBOCO
5 No Yes Yes Yes fel pT pT
8, 8 8 9, 26, 38
[ No Yes Yes Yes /] 1n<1+—1+—2~+—3> -<_1+~2_+_§ 1
T 2 58 T T, T4 QG
T1%g
7 No No Yes Yes W |Triatomic linear molecules where |In Qw (8 -
Fermi resonance occurs 1- 1
2,2
c W,
(3) ot s

— b
a’Rigid-Rofator Harmonic-Oscillator approximation.
bModified Pennington and Kobe method,

CJoint Army Navy Air Force method.
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In Q AND THEIR DERIVATIVES

2 m
T2 d (h-lQ—) terms
dr?

-2(:2 Ty
T

Z d;u;rys;(u;s; - 2)

i=1

-1

-3/2

T Ty T3

) rjuy(uy + 28 - 2):|
. 1 STy

2
+2u5ros,(1 + ToSg) + s? .

2
20, 69, 120 d(ln Q,)
<1+_2+ 3)1_T_e

In Qy |20 ry syl + rysy)

28

Type of molecule

Dia-
tomic

Yes
Yes

Yes

Yes

No

dN’onrigid-Rotator Anharmonic-Oscillator 1.
eNonrigid-Rotator Anharmonic-Oscillator 2.

Linear
poly-
atomic

Yes
Yes

Yes

Non-
linear

Remarks

Definitions

cy = he/k
8m = statistical weight
T0 = electronic excitation energy

di = degeneracy
n = number of unique frequencies

y; = czv./T
r=e !
s = 1/(1 -ry)
vy = 2w Xo +3.25 w ¥ + SweZe
o= symmetry number
“2
BO—B -— —
2 4 8
12 A
Ag=he - T L 4
i=1
12 B
B0= Be --2-2 dlai
i=1
1 2 C
Co=Ce--X% djey
25

For PANDK, p= —22_ and for JANAF, p = 4(

2
3B
p is given 3
4B
D=D, 21 62+68—3 ifnotglvenD_*e
2
b= D000 Ye

2 3
czB0 0 =(°2BO) 0 =4(c2B0)
2 15 3 315
AgBy AgCy BC

C
9—— 2A,+By+C) - —— - L 2 -
1 [ 0 0 0
12 Co By Aqy

91=

1/2
7z
e

o

2
[
_ 2 2 2
6y =2 |10(a%+ B+ C2)+ 12(AgBy + AgCq + BoCo)
2 2 .2 2 2
\ (AOBO + AOBO B3Cq + BoCy Aoc0 + AOCO>
Co Ag By
2.2 ,2.2 2.2
GBS, ATCT |, BiCo
+17 2 2
c§ By Aj
83=0

WO = Fermi resonance constant

Uy = 202u2/T
-u
_ w
I'W- e
Sw = 1/(1 - rw)

S=(1+ 2rwsw)uw + 2(1‘2u232 -1)
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TABLE 1. -

Formula Method anm terms®
number e - —(; ¢
PANDK® |[NRRAO1%{NRRAOZ
or
JANAF?
- — - - P
8 No Yes Yes Z d1a1r151 [1 + = 3 a;8; + s (1 + I )]
n
9 Yes No No 2 4,Pris;
i=1
n
10 No Yes Yes z 1 dja ;s (a si+ars; +1)+ ]Z dj0;274T;5;5;
n
+ JZI dld]axau(l N )r1r151 s]]
11 No Yes Yes |ayq,4F 53(1 + 4r +r2) (diatomi I
1117151 1 1 iatomics only)
12 No Yes Yes T 12_31 dl(d + 61] 'jrirjsisj
=1
Cz n
Y --£ (d,
13 No es Yes T iZ:i dl(d] + 6.: )(dk+ By + 85 k)Yukr T3Ty8;85)
jei
k=j
14 Yes No No Z dy(d) + 83Xy + Gdryrys;s;
]:

aRigid-Rotator Harmonic-Oscillator approximation,
bModi.fied Pennington and Kobe method,

cNonrigid—Rotor Anharmonic-Oscillator 1,
9Nonrigid-Rotator Anharmonic-Oscillator 2,



TERMSIN In Q7

Type of molecule

Dia- | Linear
tomic{ poly
atomic
Yes No
Yes No
No Yes
No No
Yes Yes
Yes No
No No
Yes No
No Yes
No No
Yes Yes
Yes No
Yes No
No Yes
No Yes
Yes No
No Yes
Yes No
No Yes

Non-
linear

No

Yes

Remarks

Definitions

di = degeneracy
i

I‘i= e
u; = czui/T
5;=1/(1 -1y

n = number of unique frequencies
vy = Wg - 2“’exe +3.25 WV + 5(4;(_32e

ay = (al -ag - 0.175 aa)/Bo

B n (g
0213 Oy
1 .
BO j=1 2B
A B C
o s o
a =i L, 1t

Co
P; = a;(a; + 1)
For PANDK, a; = (@ - 2ay - 3.25 @3)/Bg and for JANAF, a; = (ay - @y - 0.75 a3)/Be

2 2 2
2, LT/ faBN faf
Pi =ay (—1 +1) + = — )+ {—} + |—
2 4 Ag By Cq

3
2y = (-ay -2 ag)/By

ay; = a;; /By

aij=0

5.. =J0 for i}

ij = A
1 for i=]

3511 = -@3/Bg

For PANDK, X11= ~W Ko+ 4.5 WY + 14.5 W B,

and for JANAF, X, = (-0 Xg + 4.5 w.y, + 14.5 weze)”l/we
n

4
e
Ky =%y + (1.5.dy + 3)yy; + 1:2::1 = Yiik

kA1
g
k
Kyg= Xy + (dy + Dygyg+ @+ Dygyy + kz=:1 - Vi
kA1
Yy11= 0¥ + BweZe
¥iik = Yijk
G, =0

1

L foit i
Ul +B/3 i 1=

®Derivatives: T [d(ln Q‘g)/dT] = Ej: 1nQ$; and el QT)/de]
2 2 m :
= JE In ch [Zl: miuhirhishi(rhishi + 1) - 28; + §§ - pj] where InQ'7= ? nQ, and In ch is

. Pio TT i
any term in formulas 8 to 27 which has the formula In Qc = (cz /Ty Cj i rhis}1 where
§ i

P = 0,1, or 2; C; isa constant; n; and m; are integer exponents; and h; isan integer
subscript, and where Sj = ; uhi(ll1 + mirhishi) - pj.
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Formula Method
number
PANDK? [NRRAO1® NRRAOZY
or
JANAF®
15 No Yes Yes
16 No Yes Yes
7 No Yes Yes
18 No No Yes
19 No No Yes
20 No No Yes
21 No No Yes
22 No No Yes
23 No No Yes
24 No No Yes
25 No No Yes
26 No No Yes
27 No No Yes

TABLE II. - Concluded.

In ng terms®

24c
2 wezer‘{s% (diatomics only)

Z 2857551 21 - 2a,r;s.)

2
-= z d, (d +8; )(1 + 0, )a,lxl“rlx']slsJ

J=1
2 2
d.
2<T) E dl( +8; )(1+6 )Xurlr]s1 ;
]:
1 2
E (_> z P, ]kxlj lkrlr]rks 85 sk

=1
k=j

2.2
( ) E glkxll TS

3—1
k=1

2

1
§<—> ): Diiri3 Y ika i k" 1513151( i

]—l
k=1
2=k
cn2 B
2 2 2
<?) Zlgul (1+8r +r)

<T> 21 2, X 1Jr1r151s1 [1 + 76 + T (1 + 56, )]

1

2l’l
1/{~2 b 255
2(-= 4a.|X..d.(d. + 1
ZT)i—la[ (+)]‘1

]=1
k=1
2 n
1 (%2 . 2.2
2( ) 1=21 1]ka‘ " X 75T {51 55 Sic
=1
k=1

a'Rigid-Rotz.tor Harmonic-Oscillator approximation,

Ppfodified Pennington and Kobe method.

cNonrigid-Rotator Anharmonic-Oscillator 1.
Nonrigid-Rotator Anharmonic-Oscillator 2.




TERMS IN In Q7

.

| Type of molecule

atomic

Yes Yes

Yes Yes

Yes Yes

Yes Yes

®Derivatives:

py= 0, 1, or 2; Cj is a constant; n; and m; are integer exponents; and hy 1s an integer

= ; uhi (ni + mlrhishi) ~ Py

subscript, and where Sj

Dia- r‘Linea.r Non-
tomic| poly- |linear

Yes

Yes

Remarks

@ijk =(2 - 5jk)(1 + Gij)(l + ﬁik)di(dj + Bij)(dk +65)

1)

1)

Dy = 1+ 5,07 ai(d; + 55y

1]k =(1+ 8; )(1 + aik)di(dj + Oij)(dk +85.)

Digge = (1+ 8)(1 + 55)(2 - 8)4(d; + ;) [(1 + Oy + By + By + aﬁajk]

Definitions

D= 21+ Big)(1 + By + 8y )(d; + B3);(dy + By + By)

@"kl = 2(1 + bij)(l + 65 + Gu)di(dj + bij)(dk + 0, )d, + 85, + ou)

T [d (n Q) fat]- TiaQ.$; and T Eiz(hQ )dT]
-Zan [Zmuhrhsh (rhsh +1) 2S +Sz-p] where mQT =2 InQ, and InQ, is
] %

any term in formulas 8 to 27 which has the formula InQ, = (cy /T) *j C 1‘[ rni sh where
J
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TABLE IIi. - BRIEF DESCRIPTION OF CONTENTS OF INPUT CARDS

Type of card Contents Is card
optional?
General data
CONSTS Physical constants, hc/k, R, and S (eqs. (4) and (5)) No
ATOM Chemical symbol, atomic weight, and reference form of each element, (If FILL No

option is used, also include the coefficient b in equation (8) and 2, gj in
equation (8) for the ground state).

LISTEF Code in card columns 1 to 6 only which calls for listing the contents of the binary Yes
EF data cards that are processed after the LISTEF card

EFDATA Chemical formula for reactant (monatomic gas or element in its reference form), Yes
the Hg value, the melting point if any, and the number of temperatures for
which there are binary EF data following this card

Binary EF | Enthalpy and free energy data for the reactants. These data for each reactant Yes

data consist of a set of column binary cards; the number of cards depends on the
amount of data. Each set must be preceded by the EFDATA card which
identifies it (see previous card).

Specific data

Formula Chemical formula of species (This card may also contain a heat of formation and No

its corresponding temperature)

TEMP Temperature schedule Yes
REFNCE Numbers to identify input data sources Yes
EFTAPE Code in card columns 1 to 6 only which calls for EFDATA and corresponding Yes

binary EF data cards to be punched and for the data to be put on tape

LOGK Code in card columns 1 to 4 only which calls for tables of thermodynamic Yes
properties including AH% and log K

LSTSQS Temperature intervals for a least-squares fit, temperature exponents in the Yes
polynomial, and a temperature where the data are to be constrained

INTERM Code in card columns 1 to 6 only which calls for intermediate output Yes
DATE Date which will be punched with least-squares coefficients Yes
METHOD A method code which specifies the method for obtaining thermodynamic func- No

tions; for example, RRHO or PANDK for diatomic or polyatomic gases,
or READIN for reading in the functions directly

DATA Data required by method given on METHOD card No
FINISH Code in card columns 1 to 6 only which indicates the end of a set of specific No
data
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TABLE IV, - CONTENTS OF FORMULA CARDS

Labels 2, 3, or 4

Numerical value

Comments

HF298 R

ASINDH

DISSOC
>(2)
DELTAH

IPATOMP
(ions only) ))

INVEM
CAL
KCAL ()

EV

JOULES

T

Ayse only one.

An assigned enthalpy
HO
298.15

An assigned enthalpy, HJ,

Dissociation energy
0 o
(DT or —AHT)
Heat of formation from the

assigned reference
elements (AH%)

Heat of ionization from the
electron and neutral atom

(blank)
(blank)
(blank)
(blank)
(blank)

Temperature

Numerically equal to
heat of formation
at 298, 15° K

Units are cm'l/mole
Units are cal/mole
Units are kcal/mole
Units are eV/mole
Units are J/mole

Not required with HF298

bThe following are examples of IPATOM:
CI*: Cl + IPATOM = C1* + e~

IPATOM = 104995. 46 em™l (refs. 18 and 20)

C1tt: Cl + IPATOM = CI™ 4 2¢”

IPATOM = 296995. 46 cm ™! (refs. 18 and 20)

Cl:

Cl + e” + IPATOM = C1~

IPATOM = -3.613 eV (ref. 34).




TABLE V. - CONTENTS OF OPTIONAL SPECIFIC DATA CARDS

122

Card col- Labels Numerical value Comments
umns 1 to 6 1, 2, 3, or 4
REFNCE Any alpha - Any numbers within the | ---------crom e
numeric machine capabilities
characters
EFTAPE | (blank) {blank) Code calling for the Hg value and
HS - H? -(FS -HS
the T 0 .na ( T 0)
RT RT
data to be put on tape and punched
for future log K and AH% calcu-
lations
LOGK (blank) (blank) Code calling for AH7, and log K
calculations
LSTSQS T Temperature (°K) at Card calls for a least-squares fit
the beginning or end of
interval to be fit
EXP Temperature exponent q; values in equation (10)
TCONST Temperature constraint, | Calls for the data at this tempera-
%k ture to be fitted exactly. Numeri-
cal value of T must be the same
as some value in the T interval
schedule, I omitted, it is assumed
to be the melting point, if there is
one; otherwise, 1000° K.
INTERM (blank) (blank) Calls for intermediate output data
DATE (any six op- (blank) Punches the label as the last word on
tional char- the binary least-squares coeffi-
acters) cient cards
TEMP T Temperature, Ok This may be a single value or the
beginning or end of an interval
I Temperature increment, | This must be preceded by a lower and
%k followed by a higher T value.
(See section TEMP card(s). )




Method code
(any label)

READIN

COEF

FIXEDN

ALLN

TEMPER

RRHO

PANDK

JANAF

NRRAO1

NRRAO2

Type of
species

All species

All species

Monatomic
gases

Monatomic
gases

Monatomic
gases

Diatomic and
polyatomic
gases

Diatomic and
polyatomic
gases

Diatomic and
polyatomic
gases

Diatomic and
polyatomic
gases

Diatomic and
polyatomic
gases

TABLE VI, - CONTENTS OF METHOD CARDS

Labels
1, 2, 3, or 4

H298HO

MELTPT

REDUCE

MELTPT

DELTAH

DELTAS

FILL

FILL

FILL

Numerical
value

(blank)

0 o
Ha98.15 - Ho
Melting point

{blank)

(blank)

Melting point

Heat of transi-
tion

Entropy of
transition

Highest prin-
cipal quantum
number to be
included in
calculations

(blank)

(blank)

(blank)

(blank)

(blank)

(blank)

(blank)

(blank)

(blank)

(blank)

Comments

Read in functions directly.

X is o o
Used in obtaining HT - HO

given on DATA cards

values when Hg, - Hggg' 15 values are

Should be included when a set of specific data has both solid and lig-
uid phases

Calculate functions from empirical equations,

Coefficients on DATA cards are those of equations (10) to (12)
divided by R.

See MELTPT under READIN,

Used between two phases of the same species; code is on METHOD
card of second phase

May be used in lieu of a heat of transition (see label DELTAH)

All energy levels whose principal quantum number is less than or
equal to this number will be included

Missing energy levels will be estimated and included as discussed
in the section Inclusion of predicted levels

Include all levels given in input.

See FILL option under FIXEDN,

Cut off all levels above ''reduced''ionization potential (See section
Internal Partition Function for Monatomic Gases. )

See FILL option under FIXEDN.

Rigid-rotator harmonic-oscillator approximation (See table I.)
Calculation method of reference 3 (See tables I and II. )
Calculation method of reference 2 (See tables I and 11, )

Calculation method of references 30 and 31 (See tables Iand II.)

Same as NRRHO1 with some higher order corrections (See
tables I and 1.)
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TABLE VII, - CONTENTS OF DATA CARDS

Method Labels Numerical value Comments
1, 2, 3, or 4
READIN T Temperature in ok One value on each card
' cp ! cg
1 ‘ Either one of these values on each card
. CP/R  Cp/R
: 0 )
H-HO HT - HO 3
) o)
H-H2 | Hy -Hygg. 15
| l H-HO/T | @S -8)/T
: o o L Any one of these values on each card
; H-H2/T : (HT - Hzg& 15)/T
H-HORT (HY, - HQ)/RT 4
' ‘ . 10 0 :
| | H-H2RT (HT - H298. 15)/RT J
1 | O N |
: S ST
0
| S/R ST /R
1
H 0 0
i -F-HO ‘ -(FT - Ho)
n l '
. o o
I , F-H2 ~(Fp - Hygg, 15) L
‘ o o Any one of these values on each card
) -FHO/T ~(Fr, - HJ)/T
_ . T 0
i B
I -FH2/T «(Fp - Hygg, 15)/T
: -FHORT ~(F3, - Hg)/RT
o 0
. -FH2RT ~(Fp - Hygg 15)/RT )
: COEF See comments -----eemcccmmdmcaaeao - ! First card may be the same as aforementioned READIN card with c® or C° /R value

[omitted. The data will be used in obtaining the integration constants, a1 and Ao
in equations (10) to (12).




RS ]

Temperature at beginning
or end of temperature
range

Two T labels must precede exponents and coefficients for the temperature range.

Eii=1,2,...,

q; in equation (10)

or 10)
Cii=1,2,..., a; or a;/R inequa- a;/R with REDUCE code in METHOD card
or 10) tion (10)
CH a1 (eq. (11)) h
CH/R ar+1/R {eq. (11))
o > Use one if a1 has not been set by previous enthalpy value,
CH-HO a_ 4 - Hj (eq. (11))
r+1 0
0
CHHO/R (ar+1 - Ho)/R (eq. (11))J
cs 2, o (eq. (12))
Useone if a has not been set by previous entropy value,
CS/R a,,5/R (eq. (12)) r+2
TPUNCH Temperature value to be  Calls for cards to be punched (See appendix E)
punched on coefficient
cards
FIXEDN, 1IP . Tonization potential in Required only with TEMPER
ALLN, or | em” R
- TEMPER* 1
I, value €m /he inem™ (eq. (7)) [J, value

(1) does not have to be right- or left-adjusted

(2) may be integer, 0, or decimal number (if decimal, it can have only 5 or 0
to right of decimal point)

(3) must be punched if 0

4For FILL option (METHOD card) or FIXEDN, the principal quantum number for the data on each card must be in card columns 79

to 80, right-adjusted.

Ge1
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TABLE VII. - Concluded. CONTENTS OF DATA CARDS

Method Labels Numerical value Comments
1, 2, 3, or 4
RRHO, SYMNO Symmetry number Taken to be 1 if omitted
PANDK, STATWT Statistical weight Taken tobe 1 if omitted
JANAF, - - -
NRRHOI{D or TO T0 Use with excited electronic state.
NRRHO2 1 BO B, 'B e BO, or IB value must be included for all molecules.
!
BE Be ’?aa comments for label BO' Use only for linear molecules,
WE W, N ’7
' WEXE ' WeXeo
WEYE weVe
WEZE : WeZe

}‘ Diatomics only
wWX4 Anharmonic con-

stant one order
| higher than w_z

| e“e
| ALPHAE ! ae J |
ALPHAIL, (i =<3) Loy (See comments  Diatomics only, B, = Be -oq (v + —) + 09 <v + —> +ag <V + _>
for definition.) 2 2 2
n=6 d n=6 d
ALFABi (i =< 6) oy Linear polyatomics only, B[v] =B e " °’i<vi + —1> + g Gi + -d—1> er + —i>
ALFAij (i, < 6) @i Z 2 Z 2 2
ij i=1 j=i
n=6
s A Z Al %
ALFAAi (i < 6) oy Nonlinear molecules only. A[v] = 4, - a\vy+—
2
i=1

where v; and di are the vibrational quantum number and degeneracy respec-
tively for the ith fundamental frequency

n=6

' s s B d.
ALFABi (i = 6) aj Nonlinear molescules only, B[v] =B, - E B (vi + -1-)

1
i=1




L21

n=<6

PR C d.
ALFACi (i =6) ay Nonlinear molecules only. C; .= C,_ - Z ot (v. + —1>
[v]™ ~e N AP
i=1
DE D e ‘ Diatomics only
n=3
BETAi (i = 3) By Diatomics only, where D =D, - E Bi(v +1/2)
i=1

Vi(di) or Vi Vi(di) or v d; is degeneracy (an integer) of v; and may be omitted when d; =1

(i=20)
Xij (i<, xij Polyatomics only

i=6)
Yijk (i <6, Viik Polyatomics only

j=6, k=<6)
wo W0 (Fermi resonance Linear polyatomics only

constant)
Gii (i = 6) &ii Linear polyatomics only
DO or D000 D0 or D000 Polyatomics only
' RHO P, og-1 . Polyatomics only

A0 A0 . An I, or Ay mustbe included for all nonlinear polyatomics.
Co C0 An In or C0 must be included for all nonlinear polyatomics.
1B IB><1039, (g)(cmz) See comments for label By,.
1A I A><1039, (g)(cmz) See comments for label A,
(o} ICx1039, (g)(cmz) See comments for label Cg.

bFor excited electronic states, the data for each state should be put on separate cards with an identifying number in card columns 79

to 80. Data cards for each state must be grouped together.
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TABLE VII. - PUNCHED COEFFICIENT CARDS

Card 1

Binary
word
number
1 Machine assigned storage
2 Machine assigned storage
3 First 6 characters of formula
4 Second 6 characters of formula
5 Ionization potential, if any
6 Lowest T in intervals or
melting point if liquid
7 Highest T in intervals or
melting point if solid
8 Second highest T
9 Highest T in interval
10 Jag h
11 ag
12 ag
13 12y First
14 ag interval
15 an1 (eq. 11}
16 a.o (eq. 12)
17 Third highest T
18 Second highest T
19 aq
20 aq Second
21 r interval,
a3 if any
22 ay
23 ag
24 el J

Card 2
(2 or more intervals)

gSame as card 1

-/

ano (Second interval)

Fourth highest TW

Third highest T

Third
> interval,
if any

ars1

a

J

N

T42

Fifth highest T

Fourth highest T
ay
ay
ag

Fourth
T interval,
if any

Cards 3 to 5 as required
(5 to 9 intervals)

Same as card 1

.
Lowest T in )
interval

Highest T in
interval

a4
3
a3
34
a5
a.

> Next
interval,
if any

T+l

a

r+2 J

Lowest T in )
interval

Highest T in
interval

a4

a9 Next

interval




——] List tables of thermo-

Enter

}

C10 initialize
general data,

103

y

C10 Initialize

i Y

C580-C650 (LOGK)
Calculate AHy, AFp
and LOGK for all T,

List tables of properties.

C50

Has a

LOGK card

been read
?

Cs0

Has an

EFTAPE card

been read
?

Yes

specific data.

104 !

C20, C70 (INPUT)
Read and list

cont of one

data card.

C90-C130 (EFTAPE)
Punch EFDATA card.
Punch binary EFDATA
cards. Put data on tape.

€540-C570 (TABLES)

dynamic functions.

C660-C760 LEAST) €510-C530 (DELH)
Do feast-squares Calculate H).
fit, List results,
Punch coefficients.

NASA-Langley, 1967 —8 [-3420

[wi]
Is this a
CONSTS, ATOM,
LISTEF, TEMP, EFTAPE,
LOGK, LSTSQS,

C30, C60,

C170-C180 (TEMPER),
C110-C130 (EFTAPE}
Store option and/or data.

Yes

[

/M

€20, C140-C160 {IDENT)
Assume card is formufa card.
Store card contents. From

€30, C110 (EFTAPE)
Read binary EF data
for species. Put
data on tape.

ca0
Has T
schedule

been read

from TEMP
cards
?

C40
T =100 (100) 6000

y

Read and list
contents of
one card.

.

Store data.

(RECO, ATOM, or POLY)

Calculate cgm,
(H] - HQIRT, and
0
-(F} - HQURT
according to method,

||

formula, calculate molecular
weight and number of atoms.
Also determine if gas, solid,

or liquid.

Figure 1. - General tiow of program.
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“The aeronautical and space activities of the United States shall be
conducted so as to contribute . . . to the expansion of buman knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”
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TECHNICAL NOTES: Information less broad in scope but nevertheless of
importance as a contribution to existing knowledge.
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tion because of preliminary data, security classification, or other reasons,
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under a NASA contract or grant and considered an important contribution to
existing knowledge.

TECHNICAL TRANSLATIONS: Information published in a foreign
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compilations, handbooks, sourcebooks, and special bibliographies.
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nology used by NASA that may be of particular interest in commercial and other
non-aerospace applications. Publications include Tech Briefs, Technology
Utilization Reports and Notes, and Technology Surveys.

Details on the availability of these publications may be obtained from:
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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